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The  interactions  between  opiates   and  gonadal  steroids  in 
the  control  of  the  gonadotropins,   luteinizing  hcraone  (IH), 
and  follicle  stimulating  horaone  (FSfl) ,  were  investigated  in 
the  rat.  Male  rats  were  chronically  treated  «ith  acrphine  as 
a  aeaus  of  providing  continuous  opiate  receptor  stiaulaticn. 
Bhen  initiated  at   the  time  of  castration,   both  actphine 
treatment  and  testosterone  (T)   replaceaent  prevented  post- 
castration  LH  hypersecretion  and  hypothalaaic  LH-releasing 
horaone  (LHHH)  depletion,    However,   only  I  reversed  these 
changes  when  treat aents  were  initiated  two  weeks  after 
orchidectoay.   Further,  in  rats  which  had  been  castrated  for 
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two  weeks,   aorphine  enhanced  the  ability  cf  T  to  inhifcit 
gcnadotrcpin   secretion   and   blocked   the   T-induced 
accuiflulation  of  LHBH  in  the  hypothalaaus.    At  physiological 
doses,   it  was  found  that  17-beta-estradicl  (E2) ,   hot  net 
5-alpha-dihydrotestcstercne  (DH3) ,  sinilarly  interacted  with 
morphine  to  suppress  gonadotrci;in  release.   Further,   the 
ability  cf  morphine  to  interact  with  1  in  the  suppression  of 
LH  release  could  not  be  explained  by  changes  in  hypothalamic 
norepinephrine,  dopamine  or  serotonin  metabclism. 

Female  rats   were  injected  with  the   opiate  antagonist, 
naloxone.   Naloxone  stimulated  LH  release  at  all  times 
tested  during   the  estrus  cycle  and  following  estradiol 
benzoate  (EB)  treatment  to  ovariectcmized  rats,   indicating 
that  endogenous  opioid  peptides  (EOE)   inhibit  LH  secretion 
throughout  the  estrus  cycle,   and  during  the  prcestrcus  and 
EB-induced  LH  surges.   During  LH  hypersecretion,  induced  by 
progesterone  (P)    treatment  to  proestrous  or  EB-treated 
oyariectomized  rats,   naloxone  was  unable  to  stimulate  LH 
release,   indicating  that  EOE  may  contribute  to  the  advanced 
onset  and  increased  magnitude  cf  the  LH  surge  seen  fclloving 
P  treatment. 

In  a  final  study,    E2-treated  ovariectomized  rats  were 
given  morphine   treatment.   morphine   enhanced  both   the 
negative  and  positive  feedback  effects  cf  E2  en  gonadotropin 
release  in  these  animals.   In  summary,  the  work  presented  in 
this  dissertation  indicates  that  EOP   play  an  important  role 
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in  the  regulation   cf  gonadal  steroid  feedback  in  male  and 
fenale  rats  by  aodifying  the  sensitivity  of   the  brain  to 
circulating  gonadal  steroids. 
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CHAFTEB  I 
INTfiOCDCTION 


Opiates  have  been   used  by  old  world   cultures  for  Eany 
centuries.  Opium  is  the  dried   latex  froa  the  unripe  seed 
pods  of  the  plant  Papayer  soanif erua.   It  was  probably  first 
discovered  by  the   ancient   lesopotaaians  (Beynolds   and 
Sandal,   1957).   The  word  »opiuB«  is  derived  from  the  Greek 
word  for  juice,  and  was  mentioned  by  Theophrastus  in  the 
third  century  B.C.   The  Romans,  Scribcnius  largus  and  Galen 
both  described  the   medicinal  uses  of  opium.    In  another 
ancient  reference  tc  opium,   the  Kama  Sutra  states  that 
Icdiaa  maidens  and  Kives  are  forbidden  to  use  opium  in  any 
form  until  after  menopause,   as  the  use  of  the  drug  prevents 
pregnancy  (Kruger  et  al.,  19^1).  Ihroughcut  the  middle  ages, 
Arabs  used  opium  for   medicinal  purposes.    They  introduced 
the  drug  to  China,   where  it  was  ased  tc  treat  dysentery  and 
other  ailments.    Its   use  in  Europe  increased  during  the 
sixteenth  century,  where  opium  was  used  for  the  treatment  of 
diarrhea  and  pain,  and  as  an  adjunct  tc  surgery. 

Baw  opium  contains  over  20  different  alkaloids.  Surturner 
isolated  and   described  morphine  in  18C6   (Leake,   1875). 
Morphine  comprises  ever  10X  of  the  dry  weight  of  opium.   Its 
structure  was  proposed  in  1925  by  Gulland  and  Bcbinscn,   and 
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finally  synthesized  in  1952  by  Gates  and  Ischudi  (see  Leake, 
1975) ,    Other   less  abundant  alkaloids  such   as  narceine, 
codeine,   and  thehaine  were  isolated  in  the  early  nineteenth 
century.   Improved  organic  synthesis  techniques  in   the 
twentieth  century   resulted  in  a  flurry  of  seni-synthetic 
opiate  and  synthetic  opiate-like  conpounds  being  produced. 
In  an  effort  to  design  a  less  addictive  opiate,   the  partial 
agonist,  nalorphine,  was  introduced.   Although  analgesic  and 
less  addictive  than  aorphine,   its   dysphoric  properties 
precluded  its  widespread  application.  Ihis  search  for  a  less 
addictive  opiate  also  led  to  the  synthesis  of  naloxone,   an 
opiate  antagonist  relatively  devoid   cf  analgesic  and  ether 
opiate  agonist  actions. 

The  modern  use  of  opiates  also  led  to  its  aisuse.   Great 
Britain  secured  a  narket  for  its  Indian  opiua  by  addicting  a 
large  population  in  China  (Kane,   1881).   The  disputes  that 
developed  between  Great   Britain  and  China  over   this  trade 
were  referred  to  as  the  Great   Cpiui  Wars  of  the  eighteenth 
and  nineteenth  centuries,   Chinese   iEoigrants  introduced 
opium  sacking  into  the  Onited  States   where  it  spread  to  the 
general  population.   Opiate  abuse  continued  to  increase  in 
this  country  after  the  developaent  of  the  hypoderaic  needle 
and  the  introduction  of  injectable   aorphine  to  relieve  the 
pain  resulting  fronj  battle   injuries  received  during  the 
Civil  Mar  0« Donnell  and  Ball,  1966). 
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Many  authors  coEicented  on  opiate  aisuse  at  this  tiae.   In 
1881,   Kane  described  the  physiclogical  consequences  of 
opiate  abuse.   Included  in  this  discussion  were  the  effects 
of  opiate  abuse  on   the  sexual  organs,   Opiua   saokers 
exhibited  "disgraceful  conduct  and   initially  ccnsiderahle 
sexual  stinulation,   although  the  coapletion  of  the  sex  act 
was  delayed".    Several  fflonths  cf  atose  inpaired  both  desire 
and  power.  To  further  illustrate  the  decline  in  the  sexual 
ability  of  opiate  addicts,  population  statistics  were  cited. 
During  the  height  cf  the  Great  Cpiua  Bars,   China's  annual 
population  increase  was  found  to  fall  frca  6%   to  under  IS. 
It  was  even  suggested  that  the  cpiun  trade  could  be  used  as 
a  aeans  of  controlling  China's  overpopulation! 

The  deleterious   effects  of   opiates  and   other  central 
nervous  system  depressants  on   reproductive  function 
continued  to  be  reported  in  the  aedical   literature  during 
the  twentieth  century.   Bhile   narcotic  addicts  appeared  to 
coamit  fewer  violent  criaes  such  as  rape  (Finestone,   1957), 
aen  were  found  to  be  iapotent  and  women  showed  inhibited  sex 
drives  and  aaenorrhea.  The  first  controlled  clinical  studies 
by  Azizi  et  al,  (1973)  and  Gaulden  et  al.    (1964)  reported 
depressed  testosterone   (T)   levels  in  aale  herein  and 
aethadone  users  and  diainished   sexual  function   in  women 
narcotic  addicts,  respectively. 

The  numerous  physical  effects  of  opiates  were  postulated 
to  be  the   result  of  an  interaction   with  specific  central 
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nervous  system  receptors.  In   1973,   several  laboratories 
independently  reported  the  existence   of  opiate  receptors  in 
the  nervous  systems   of  Bafflaals  (Pert  and   Snyder,   1973; 
Terenius,   1973).   Soon  to  follow  these  discoveries  iias  the 
isolation  of  endogenous  opioid  peptides  (EOP).  Hughes  et  al. 
(1975)  described  the  two  pentapeptides,   leucine-enkephalin 
and  aethionine-enkephalin,    while  li  and  Chung   (1976) 
reported  the  isolation  of  beta-endorphin.    following  these 
discoveries,   researchers  began  to   identify  the  aiechanisas 
through  which  opiates  exerted  their  antigonadal  effects.   It 
soon  became  evident  that  opiates  interfered  with  a  normally 
operating  EOP  influence  en   reproductive  hormone  secretion. 
The  effects  of   opiates  on  the  regulation   of  reproductive 
hormones,  luteinizing  hormone  (IH)   and  follicle  stimulating 
hormone  (FSH) ,  is  the  subject  cf  this  dissertation. 


CHAPTEfl  II 
REVIEH  OF  THE  LITERAIUHE 


This  chapter  will  survey  the   najor  worJc  with  respect  to 
the  nearoendocrine  contrcl  of  gcnadotropin  secreticn.   This 
will  include   the  tasic  anatoay  and   physiology  of   the 
hypothalaao-hypophyseal  unit   and  neurcpharfflacclogical 
studies  which   contributed  to  the   concept  that   an  opioid 
inhibitory  coaponent  controlling  gonadotropin  secretion. 
Eaphasis  will  be  placed  on  LH  secretion,   although  iapcrtant 
differences  between  IH  and  FSH   secreticn  will  be  discussed. 
The  field  contains  a   wealth  of  literature  and   several 
reviews  were  employed   as  starting  points  and   to  highlight 
aajor  trends  and   areas  of  agrceaent.   This  includes 
historical  reviews  by  Garrisson  (1929),   leake  (1975)   and 
Hedvei  (1982).    The  descriptions   of  general  hypothalaao- 
hypophyseal  anatomy  were  derived  froa  Adaas  et  al,   (1965), 
Daniel  (1966),  Halasz  (1969),  Jenkins  (1978),   Ezrin  (1979) 
and  Palkovitz  and  Zaborsky  (1S79).   Detailed  reviews  of  the 
various  neuronal  systeas  can  be   found  in  Dahlstrcm  and  Fuxe 
(1964),  Fuxe  and  Understedt  (1566),   Cooper  et  al.   (1978), 
Hoore  and  Bloom  (1978  and   1979),   Sternberger  and  Hoffaan 
(1978),   iatson   et  al.   (1980)   and   Palkovitz  (198  1). 
Inforaation  regarding  luteinizing   horacne  releasing  hcracne 
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(LHSH)   biociieoistrj,   steroid  ccnceotiatlng  oeurcns,   aid 
opioid  peptides  and  their  receptors   aay  be  found  in  reviews 
by  Naftolin  et  al.    (1975),  Sar  and  Stumpf  (1975),  Elcoai  et 
ai.  (1978),  McEwen  et  al.  (1979),  Ciiilders  (1980)  and  Kartin 
(1981),   Jatisz  et  al.    (1983).    Bany  excellent  reviews 
concerning  the  role  of  aonoaioinergic  neurons  in  regulating 
gonadotropin  secretion  have  appeared  over  the  years,   ftmong 
the  Bost  complete   are  Coppola  (1971),   ieiner  and  Ganong 
(1978),   Barraclough  and  Hise  (1982),   S.   Kalra  and  Kalra 
(1983)   and  Simpkins  et  al. ,   (1984).     Finally,   the 
pharnacological  and   physiological   effects  of   opiate 
alkaloids  aad  opioid  peptides  on  gonadotropin  secretion  have 
been  presented  by  Heites  et  al.   (1979),  Cicero  (1980a  and 
1980b)  and  S.  Kalra  et  al.   (1980).    Shile  the  literature 
discussed  will  focus  primarily  en  studies  in  the  rat,   where 
appropriate,  other  animals  will  be  discussed.   The  relation 
of  these  studies  and  the  present  work  to  the  regulation  of 
gonadotropin  secretion  in  humans  will  be  addressed  in 
Chapter  I, 

Historical 
Early  Observations 

Although  modern   endocrinology  has  yet  to   complete  its 
first  century,   observations  en  endocrine  function  have  been 
made  throughout  history.   Relief  carvings,  figurines,   and 
drawings  from  prehistoric,  Egyptian,  Babylonian,   and  later 
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Greek,   Boman  and  Eenissance  artisans  appear  to  depict 
■edical  conditions   (Garrisson,   1929) .   Soae  of  these 
artifacts  have  been  interpreted  as  illustrating  such 
illnesses  as  feaale  endocrine  sjstea  obesity,   gcitet  and 
gigantisisi.   Goiter  uas  endeoic  among  ancient  cultures  and 
the  Chinese  prescribed  an  appropriate   treatnent  cf  iodine- 
rich  seaweed.   Bhile  the  Chinese,  Hindus,  and  Egyptians  all 
described  diabetes  lelitis,   the  Greek  Arctaec  cf  Kappadckia 
coined  the  tera  'diabetes'  in  the  second  century  A,D. 

Beproductive  function  was  a  priaary  concern  of   the 
ancients.    The  effects  of  castration  on  aninals  and  humans 
have  been  known  since   prehistory,    while  the  first 
ovariectoaies  in  huaans  and   hysterectoaies  on  fara  aniaals 
were  perforaed  by  the  Egyptions  and  Hetrevs,   respectively. 
Such  later  in  the  eighteenth  century,   the  results  cf 
experiaental  reaoval  of  the  gonads  would  be   pioneered  ty 
John  and  Williaa  Hunter  of  England  (Medvei,  1982). 

The  discovery  of  gynecological  instruaents  among  Boaan 
ruins  indicated  soae  degree  of  aedical  sophistication  during 
this  period.    Theories  of   reproduction  were  somewhat  less 
advanced.   The  Hippocratic  view  that  spera  arose  froa  all 
tissues  of   the  body   to  be   stored  in  the  testes   was 
challenged  by   Aristotle  who  held   that  the   right  testes 
produced  spera  destined  to  becoae   aales  while   the  left 
testes   produced  spera  destined  to  becoae  feaales. 
Additionally,   Aristotle  felt  that  the  aale  provided  all  the 
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determining  characteristics  while  the  feaale  provided  merely 
a  fertile  enviroaent  for  the  developaent  of  the  fetas. 

A  acre  modern   view  of   th€  factors  involved  in 
reproduction  awaited   the  developaent  of  the   aicroscope  in 
the  seventeenth  century.   The  initial  works  of  Fallopic, 
deGraff,   Leydig  and  aany  other  scientists  are  reflected  in 
our  anatomical  vocabulary.   Leeuwenhock  first  described  the 
presence  of  "little   aniaals  of  the  seaen"  in   1677  and  200 
years  later  Hertwig  demonstrated  the   union  of  the  sperm  and 
the  ovum. 

Recognition  of  the  iapcrtance  of  the  ovary  in  maintaining 
reproduction  was  the  result  of   the  work  of  aany  scientists. 
At  the  turn   of  this  century.   Halter   Heap  described  the 
reproductive  cycle  in  females  and  related  the  reproductive 
changes  of  the  estrous   cycle  to   these  cccuiing   in  the 
aenstrual  cycle.    The  changes  in   vaginal  cytology 
characteristic  of  the  estrous  cycle   were  first  described  by 
Long  and  Evans  of  America  in  the   early  twentieth  century, 
while  at  the  same   tiae  Hitschaao  and  Adler   cf  Vienna 
described  the  cyclical  changes  in  the  uterine  endoaetriua 
which  occur  during  the  aenstrual  cycle. 

The  Development  of  Neuroendocrinology 

The  communication  between  various  tissues  of  the  body  via 
substances  released  into  the  circulation  is  one  of  the 
central  concepts  of  endocrinology.    In  the  seventeenth  and 
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eighteenth  centuries  Albrect  von  Hal€r  and  Irederick  Buych 
recognized  that   the  body  contains  dactless   glands  which 
release  their   contents  into   the  blood.    Claud  Bernard 
refered  to  this  process  as  internal  secretion  in  1855.    In 
1902,   after  his  discovery   of  secretin,   Ernest  Starling 
coined  the  term  'hormone*  to  describe  the  active  contents  of 
internal  secretions.   Many  horncnes  were  first  recognized  by 
the  ability  of  organ  extracts  to  exert  physiological  effects 
on  aniaals  in  vivo  or  effects   on  isolated  tissues  in  vitro. 
Aaong  the  first  hormones  isolated  were  the  gonadal  steroids, 
testosterone  (T) ,   17-beta-estradiol  (E)   and  progesterone 
(P),   which  were   found  to  be  responsible  for  maintaining 
reproductive  function  in  aales  and  females. 

One  ductless  organ  which   was  found   to  te   of  major 
importance  in  maintaining   normal   homeostasis  was   the 
pituitary  glaud.   Its  function  was  long  debated  and,   until 
1838  when  Bathke  demonstrated  the   non-neural  origin  of  the 
anterior  portion,    it  was   considered  by   many  to   be  a 
vestigial  portion  of  the  train.     The  pituitary  gland  was 
found   to  secrete   substances  necessary   for  normal   tody 
growtn,  the  maintenance  of  reproduction,   the  initiation  of 
lactation,  and  the  restoration  of  atropied   thyroid  and 
adrenal  tissue.    In   the  19i»C«s  C.H.   Li   and  collegues 
isolated  and   synthesized  the   two  gonadotropic   hormones, 
luteinizing  hormone  and  follicle  stimulating  hormone  (IH  and 
FSH,  respectively;  li  et  al. ,  19a0  and  1949), 
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A  functional  relationship  between   the  brain  and  the 
pituitary  gland  was  evident  to  nany  scientists.  Galen's  view 
that  the   pituitary  drained  phlegK  fccB  the  brain   to  the 
nasofharnyx  was  refuted  by  the   anatoaist  Schreiber  in  1660. 
Schreiber's  conteaporary,   Bichard   Lcwer  proposed   that 
substances  froa  the   ventricles  perfused  froa  the   brain  to 
the  pituitary  where  they  "percclated"  into  the  circulation. 
This  view  is   guite  siailar  to  our  current  views  on 
neuroendocrine  function. 

In  this  century  it  was  observed  that   aany  hypothalaaic 
lesions  and  tumors  disrupted  endocrine  function.  Eiperiments 
showed  that  severing  the  pituitary  connection  with  the  brain 
atrophied  both  the   thyroid  and  the  adrenal   glands.   The 
transplantation  of  the  pituitary  gland   to  the  renal  capsule 
or  the  anterior  chamber  of   the  eye  ptcdaced   siailar 
degeneration  of  the  thyroid,   adrenals  and  testes,   hut  the 
ovarian  corpera  lutea  was  maintained   in  rats.     It  was 
apparent   that  the   brain  exerted  both  stimulatory   and 
inhibitory  influences  on  the  pituitary.   Additionally,  this 
interaction  between  the  brain  and  the  pituitary  seemed  to  be 
dependent  on  the  preservation  of   the  ccnnection  betteen  the 
pituitary  and  the  hypothalamus, 

Joseph  Lietaud   first  described  the  pituitary   stalk  and 
its  relationship  to  the  brain  in  171*2.    It  was  not  until  1930 
that  Popa  and  Fielding  clearly   described  the  vascular  link 
between  the  two  organs  as  a  portal  system,   however.   It  is 
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unfortunate  that  the  two  scientist  inccrrectly  proposed  that 
the  direction  of  blood  flow  in  the  portal  systeni  was  fron 
the  pituitary  to  the  hypcthalaaus  Housay  el  al.   (1935)  and 
Sislocki  and  King  (1936)  quickly  rectified  this  error. 

Several  observations  led  to  the   develcpient  cf  ccr 
current  understanding  of  neurcendccrine  relationships.  Aocng 
the  foreoost  was   the  discovery  of  neurosecretion   ty 
■agnocellular  neurons  in  the   paraventricular  and  supraoptic 
nuclei  by  Scharrer  and  Scharrer  (IS^iO),    These  neurons 
released  oxytocin   and  vasopressin  frca  nerve   terainals  in 
the   neural  lobe   of   the   pituitary  into   the   general 
circulation,    Harris  and  associates  perforned  nuaercus 
studies  which  deacnstrated  the  iaportance  of  the 
hypothalaaus   in  regulating   anterior  pituitary   function. 
These  included   endocrine  changes  following   the  electical 
stifflulation  of  the  hypothalaaus.   In  1948,   Harris  proposed 
the  "cheaoreceptor  hypothesis"  to  explain  the   control  of 
anterior   pituitary   function  by   hypcthalaaic   hcracnes 
released  into  the  portal  circulation.   This  concept  reaains 
one  of  the  cornerstones  of  neuroendocrine  thought. 

Much  of  the  work  of   neuroendocrinologists  over  the  past 
30  years  has  concerned  the  deacnstraticn,   isolation  and 
characterization  of  these  hypcthalaaic  horaones,   Balasz  et 
al.,  (1962)   used  the  tera  hypcphysiotropic  area  to  describe 
the  regions  of  the  hypothalaaus  that  would  support  pituitary 
grafts.   Osing   in  vitro  assays,   releasing   activity  was 
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deiBonstcated   in   hypothalaaic   extracts   for  thyroid 
stiffluiating  iioraone  (Shitasawa  et  al.,  1956),   LH  (McCann  et 
al.,  1960),  prolactio  (fieites  et  al-,   1960),   PSB  (Igarshi 
and  McCann,  1964;   Hittler  and  Hcites,   196i»)  ,   and  growth 
horiBcne  {Deuben  and  Heites,    1964)  .   Hypothalamic  release 
inhibiting- activity  was  shown  for  prolactin   (TalwalJcer  €t 
al. ,  1961;   Pasteels,  1961)   and  growth  hcracDe  (Krulich  et 
al,  1S68). 

The  isolation  of   these  releasing  factors  proved   to  fee 
Bore  difficult.    Because  these  factors  were  present  in  very 
small  amounts,  sensitive  biocheaical  and  bicassay  technigues 
as  well  as  large  aaounts  of  tissue   were  necessary.   Kany 
incorrect  claims  have  keen  put   forth  over  the  years.   The 
first  releasing  factor  successfully  isolated  was  the 
tripeptide,  thyrotropin  releasing  horncne.   It  was  found  to 
stimulate  both   prolactin  and  thyroid  stimulating  hormone 
release  and  its  structure  was  simultaneously  reported  in  the 
laboratories  of  Andrew  Schally  and  Boger  Guillemin  (Scahlly 
et  al. ,  1969;   Burgus  et  al.,  196S) .    Schally's  group  also 
described  the  next  releasing  factor.    It  was  a  decapeptide 
which  stimulates  the  release  cf  tcth  IB  and  FSH,  hut  because 
other  factors  appear  to  also   regulate  FSH  release,   it  has 
been  termed   luteinzing  hormone   releasing  hormone   (LEEK, 
aartsuc  et  al.,    1971).   The  competition  to  isolate 
hypothalamic  releasing  factors   continued  as   Guillemin' s 
laboratory  reported  the  seguence  cf   a  growth   hormone 
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reiease-inhibitiny  factor,   now  called  somatostatin  (Brazeau 
et  al.  1973).   The  rivalry  between  these  two  laboratories  did 
not  gc  unrecognized  in  the  scientific  ccmmunity.    In  1977, 
together  with  Hosalyn  Tallow,    Boger  Guilleain  and  Andres 
Schallj  received  the  Sobel  Prize  in  Physiology,    The  drive 
to  isolate  releasing  factors  continaes  today.   Corticotropin 
releasing  factor  was  isolated   by  Hylie  Vale,   Guilleain's 
collegue  at  the  Saulk  Institute  (Vale  et  al.,  198  1).   In  the 
following  year  Vale  and  Guilleain  siiultaneously  reported 
the   seguence  for   a   growth   hcrione  releasing   factor 
(Guillenin  et  al. ,  1982,  J.  Bivier  et  al. ,  1982) 

Hegroanatoiical  Selaticnships 
Anatomy  of  the  Pituitary  Glajgd 

The  pituitary  gland  lies  within   a  portion  of  the  spencid 
bone  called  the  sella  tursica.    It  is  positioned  telow  the 
mid-ventral  portion   of  the   train  and   is  encased   in  an 
extension  of   the  cerebral  meninges   known  as   the  sellar 
diaphragm.   The  two  major   anatomical  divisions  of  the 
pituitary  gland,   the  neurohypophysis  or  posterior  pituitary 
and  the  adenohypophysis  cr  anterior  pituitary,  have  distinct 
embryological  origins.   The  neurohypophysis  is  derived  from 
neural   ectoderm  and   contains   the   nerve  terminals   cf 
magnocellular  neurons  of  the  hypothalamus.    It  is  involved 
in  the   neurosecretion  of  vasopressin  and   oxytocin.   The 
adenohypophysis  is   derived  from  an  envagination   of  the 
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stromal  ectoderm  called  Bathke's  pouch  aod  has  nc  direct 
neural  connection  with  the  brain.   It  constitutes  SOX  of  the 
weight  of   the  pituitary  gland.   Another   less  prominent 
division  of  the   pituitary  gland  is  the   intermediate  Icte. 
Hhile  derived  from  Bathke's  pcnch,   it  does  receive 
innervation  from  the  hypothalamus  and  is  often  included  in 
dissections  with  the  neurohypophysis.    Together  these  two 
lobes  are  termed  the  neurointermediary  lobes  (NIL).   fchile 
distinct  in  the   rat,   the  intermediate  lobe   is  only  well 
developed  in  humans  during  pregnancy. 

The  major  anatomical  division  of  the  adenohypophysis  is 
the  pars  distalis.    Approxioately  5%      of  the  cells  of  the 
pars  distalis  are  gonadotropin  producing  cells.   It  is  still 
uncertain  whether  a  separate  type  of  gcndadctroph  exists  of 
LH  and   FSH,    There   is  evidence   that  some   endocrine 
manipulations,   such  as  ovariectomy,   produce  two  distinct 
populations  of  gonadotropes. 

General  Hy  othalamic  Anatomy 

The  hypothalamus  constitutes  the   ventral  portion  of  the 
diencephalon.    Its  many  neural  connections  with  other 
portions  of  the  diencephalon,   limbic  system  and  brainstem 
highlight  its  important  role   in  endocrine   and  autcncaic 
hoEecstasis.   The  boundaries  of  the  hypothalamus  are  defined 
as  the   ventral  surface  of   the  train  extending   from  the 
rostral  border  of  the  optic   chiasm  to  the  manmillary  todies 
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caudally,  and  laterally  to  the  hifpocanpal  sulcus  and  optic 
tracts.  Ihe  dorsal  border  of  the  hypothalamus  is  recognized 
as  the  anterior  comBissure  and  laaina  terminalis  rostrally 
to  the  hypothalaaic  sulcus  and  cerbral  aqueduct  caudally.  in 
rats  the  hypothalaaus  constitutes  ^%  cf  the  weight  of  the 
brain. 

An  iaportant  landmark  evident  £rc«  the  midventral  surface 
of  the  brain  is  a  prominence  containing  the  infundibulum  and 
tuter   cinerium  which  together  constitute  the   median 
eminence.  This  is  the  sole  anatomical  connection  between  the 
hypothalamus  and  the  pituitary   gland.    A  unique  vascular 
system   supplies   this   hypothalamo-hypophyseal   unit. 
Hypophyseal  arteries  branch  off  the  Circle  cf   Millis  tc 
perfuse  the  various  hypothalamic  regions.  The  most  important 
aspect  of   the  hypothalamic   circulation  is   the  vascular 
supply  to  the  mediae  eminence  and  arcuate  nucleus.   Arteries 
in  this  area   form  a  capillary  network  containing  multiple 
anastomoses  which  is   refered  to  as  the   primary  plexus  or 
palisadic  zone.   A  portion   of  this  configuration  contains 
numerous  nerve  endings  bordering   these  vascular  spaces  and 
is  called   the  external  layer  of  the  median  eminence. 
Because  these  capillaries  do  not  contain  fenestrations,   the 
median  eninence  is  not  included   in  the  blood  brain  barrier 
and  is   considered  cne  of  the   brain's  circumventricular 
organs. 
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The  veins  of  the  Bedian  eainence  collect  to  fori  a  portal 
system  which  supplies  blood  to   a  secondary  capillary  plexus 
in  the  pituitary.  Venous  flow  frca  the  pituitary  is  achieved 
throujh  sinuses  adjacent  to   the  adenohypophysis.    This 
hypothalaao-hypophyseal  portal  system  is  the  priaary  fclood 
supply  to  the   pituitary  gland.   Its  existence  provides  a 
aeans  for  neurosecretory  products  of  the  hypothalaaus  to 
reach  the  adenohypophysis  in   high  concentrations  undiluted 
by  the  general  circulation.    liiiile   the  direction  of  bleed 
flow  is  from  the  hypothalamus  to  the  pituitary,   this  system 
may  be  sore  complex  than  previously  thought.   Bergland  and 
Page  (1979)   have  proposed   several  other  pathways  through 
which  elements  in  this  portal  system  may  interact. 

Cell  bodies  of  the  hypothalamus   are  distributed  in  three 
major  gray  regions,   the  anterior,    intermediate,   and 
posterior  areas.   The  anterior  and  intermediate  regions  are 
the  most  important  in  the  regulation  cf  anterior  pituitary 
hormone  secretion.  Hypothalamic  nuclei  are  generally  located 
bilaterally  on  either   side  of  the  third   ventricle.   The 
exceptions  to   this  rule  are   the  arcuate  nucleus   and  its 
closely  associated  median  eminence  which  are  located  at  the 
ventral   border  of   the  third   ventricle  surrounding   the 
infundibular  recess.  The  anterior  hypothalamic  area  includes 
the  preoptic   area  located  rostral   to  the   optic  chiasm. 
Consequently  this  area  is  often   collectively  refered  to  as 
the  preoptic  area-anterior  hypothalamus  (EOA-aH).   Important 
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nuclei  in   this  region  include  the   suFrachiasmatic  nucleus 
which  is   iamediately  dorsal  to   the  optic   chiasm,   the 
anterior  hypothalamic  nucleus  located  dcrsalateral   tc  the 
suprachiasaatic  nucleus,   the  paraventricular  nucleus  which 
constitutes  the   rostral  preoptic  area  tc   the  dcrsalateral 
wall  of  the  third  ventricle,  the  supraoptic  nucleus,  and  the 
organuB  vasculosua  of  the  laoina   terminalis  which  is  a 
circuiBventricular  organ  located  at  the  anterior  ventral 
third  ventricle.    The  preoptic   and  and  supraoptic  nuclei 
appear  to  be  particularly  important  in  the  cyclic  release  of 
gonadotropins  in  the  rat,   but  not  necessarily  in  the  huaan 
(Hillarp,  1949,  Halasz,  1969,  and  Krey  et  al.,  1975). 

The  interaediate   and  posterior  areas  are  often  grcuped 
into  a   tissue  section   refered  to  as  the  aedial  basal 
hypothalaaus   (MBH) .   Huclei   cf   the  intemediate 
hypothalalamus  include  the  lateral  hypothalamic  nucleus, 
ventralateral  nucleus,   dcrsalmedial  nucleus  and  the  arcuate 
and  aedian  eminence  nuclei.   Lesicns  cf  the  aedian  eainence 
or  arcuate  nucleus  disrupt  gonadotropin  secretion  and  result 
in  a  less  of  reproductive  cycles  (Gccdian  and  Knohil,  198  1). 
The  nuclei  of  the  hypothalamus  have  numerous  afferent  and 
efferent  connections.    Seven  afferent  tracts  impinge  upcn 
the  hypothalamus.     The  medial  forebrain   bundle  contains 
tracts  originating   in  both  the   olfactory  cortex  and  the 
brainstem  while   the  stria   terminalis  originates  in  the 
amygdala.   Both  tracts  terminate  in  the  hypothalamus. 
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midbrain,   anterior  coafliissure   and   preoptic   area. 
Corticomedullary   fibers   include  the   fornix  and 
corticchyfothalanic   tracts   which   originate   in   the 
hippocaapus  and  frontal  cortex,  respectively.  Afferent^  from 
the   medial  thalamic   nuclei  and   subthalamus  reach   the 
hypothalaaus  via  the  periventricular  regions.  The  ffianaillary 
bodies  receive  inputs  froa  the  ascending  spinal  tracts,   the 
brainstem  and  the  anterior  thalamic  nucleus.  Finally,  photic 
input  to  the  suprachiasmatic  nucleus  is  received   via  a 
direct  retino-hypothalamic  tract. 

Several  efferent  pathways  have  been  described   as 
originating  in  the   hypothalamus.    Two  tracts,    the 
supraoptico-hypophyseal   and   the   tubero-hypophyseal, 
terminate  in  the  NIL.    The  fasciculus  mamBillary  princefs 
terminate  in  the   anterior  thalaius   and  midbrain.     A 
periventricular  fiber  system  returns  inputs  to  the  midbrain 
thalamic  nuclei  from  the  posterior,   tuberal  and  supraoptic 
hypothalamic  areas.    Hhile  the  primary  direction  cf  all 
these  pathways  is  either  afferent   or  efferent,   it  is  not 
absolute.   In  addition,   many   smaller  pathways  cannot  be 
identified  without  immunocytochemical  technigues.    The 
relation  of  these  tracts  as  well  as  intrahypothalanic 
pathways  to  the  neurotransmitter  systems  will  be  discussed 
in  the  following  sections. 
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Mil£2i!  a  1_  Systems 

Many   problems   associated   with   iununccytccheiiiical 

techniquas  have   precluded  a   coisplete  description  of  the 

distribution  of  LHEH  jjearons.    Auong  these  probleajs  is  the 

lack  of  an  anino  acid  sequence   for  a  IHBH  precursor  or  its 

aBNA  sequence  which  could  fce  used   tc  visualize  IHBH- 

coDtaining  perikaryia.   Many  antibodies  to  LHBB  are 

conforaationally  restricted  or  require  cne  or  both  terninal 

ends  of  the  LHEH  molecule  for  recognition.   This  can  prevent 

the  visualization   of  peptide-ccntaining  cell  bodies.   To 

demonstrate  LHRH   in  neuronal  perikaryia  many  studies  have 

employed  cholchicice  or  barbiturate  pretreatment,   cc 

deafferentation  (Sternberger  and  Hoffman,  1978). 

Several  generalizations  may  fce   made  regarding   the 

distribution  of  LHEH  neurons  in  the  rodent  brain.   The 

neurons  are  bipolar  or  fusiform   and  have  distributions  net 

limited   to  the   traditional  nuclear   boundaries  of   the 

hypothalamus.    Nerve  terminals  are  heavily  concentrated  in 

the  external  layer  of  the   median  eminence,   which  fits  the 

role  of  LHBH  as  a  hypothalamic  releasing  horBone.   At  least 

two  distinct  neuronal  pathways  appear  to  exist: 

1.  a  tuberoinfunditular  pathway  with  cell  bodies  in  the 
arcuate  nucleus  projecting  to  the  median  eminence. 

2.  a  preoptico-tuberal  pathway  with   cell  bodies  in  the 
medial  preoptic   zone  that  project  to   the  median 
eminence. 
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Although  LHfiH   perikaryia  have  been  visualized  in  th€ 
arcuate  nucleus  of  several  species,    lany  groups  have  had 
difficulty  demonstrating  their  presence   in   the   cat 
(Sternberger  and  Bolfaan,  1978).  However,   deaff erentaticn 
spares  2C%   to  3031  of  LHBH  concentrations  in  the  MEH  and  does 
not  disrupt  basal  Lfl  secretion  (Elake  and  Sa«yer,  1971;   s. 
Kalra,  1976;  Bro«nstein  et  al.,  1977;  Sopor  and  Weik,  1980). 
Since  this  does  not  seea  to  be  due  to  inconplete  lesions, 
there  appears  to  be  sone  LHEH  neurons  inside  the  area  of  the 
cut, 

A  recent  study   ty  Kelly  et  al.    (1S82)   reports  the 
presence  of  LHHH   perikaryia  in  the  BEH,   especially  the 
lateral  arcuate  nucleus  and   oedian  etinence.   This  study 
eaplcyed  a  specific  LHBH   antisera   which   was  not 
ccnforaationally  restricted,   and  used  rigorous  fixation 
procedures  on  saggital  train  sections  to  facilitate  the 
visualization  of  the  cell  bodies.   These  neurons  and  others 
located  in  the  retrcchiassatic  nucleus,  preoptic  area,   and 
organui  vasculosuo  of  the  lanina  terainalis,   terainated  in 
the  extern «1  layer  of  the  nedian  eainecce. 

Other  recent  studies  have  expanded  the  potential 
distribution  of  LHBH  cell  bodies  in  the  brain.  These  include 
septal  projections  and  preoptic   projections  to  the  crganua 
vasculosuB  of  the  lamina  terminalis,   the  olfactory  bulb  and 
midbrain  central  gray  (Dluzen  and  Baaerez,  1981;   Hitkin  €t 
al.,  1982;  Shivers  et  al.,  1983b). 
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Anatoay  of  the  MonoamT  nprgir-  yg!JlJinaI_ Systeas 
The  gradual  iBfroveoent  of  analytical  procedures   has 
resulted   in  a  fairly  accurate  description  of  the 
distribution  of  monoaninergic  neurons  and   their  terninal 
beds  in  the  central  nervous  systea.    Concentrations  of  the 
aonoaaines  can  also  be  deteraiined  in  snail  nuclear  regions 
using  the  "punch   techniguew  of  Palkovitz  (1981).    in 
addition,   with  the  use  cf  antitcdies  generated  against 
catecholanine  synthetic  enzyaes  such  as  phenylethanolamine- 
n-methyltransferase,  which  converts  norepinephrine  (KB)   to 
epinephrine  (EPI) ,   these  two  neuronal  systeas  can  te  aore 
easily  differentiated. 

Noradrenergic  pathways 

Voogt  (1954)  first  deaonstrated  the  presence  of  NE  in  the 
brain.   it  now  appears  that  tie  hypothalamus  receives  a  rich 
afferent  innervation  froa   »E-ccntaining  neurons.   Evidence 
favoring  an  external  source  for   HE  in   the  hypothalaaus 
includes  the   depletion  of  70X   to  90S  cf   hypothalaaic  KE 
after  coaplete  deaf ferentation  (Heiner  et  al.,   1972).  ihe 
residual  NE  seen  after   deaf ferentation  or  brainstea  lesions 
appears  to  be   due  to  glial  cells  concentrating   NE  and  to 
collateral  reinnervation,   since  no  HE-containing  perikaryia 
have  been  visualized  in  the  hypothalaaus  (Palkovitz,  1981). 

Noradrenergic  neurons   are  clustered   in  5   aajcr  cell 
groups  in  the  brainstea  -  the  lateral  reticular  nucleus,  the 
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solitary  tract  nucleus,   the  ventral  fcntine  cucleus,   the 
locus  ceruleus,   and  the  mesencephalic  reticular  fcrBaticn. 
These  cell  groups  innervate   the  hypothalaaus  through  three 
aajor  tracts  -  the  ventral  noradrenergic  bundle,   and  the 
ventral  and  dorsal  periventricular  noradrenergic  fcundles. 
The  ventral  noradrenergic  bundle   joins  the  isedial  fcrebrain 
bundle  prior  to  innervating  the  hypothalaaus  and  appears  to 
be  the   aost  important  of  tfce  three  tracts  in  regulating 
anterior  pituitary  horaone  secretion,   although  cell  todies 
that  contribute  to  the  ventral  noradrenergic  bundle  are 
priaarily  located  in  the  lateral  reticular  nucleus,   tb€ 
interconnections  between  all  the  varicus  cell  groups  and 
their  ability  to  form  collateralizations  aust  be  stressed. 

ggMJiPg-ggic  pathways 

Several  distinct  dopaainergic  pathways  are  found  in  the 
brain.    The  largest  consists   cf  dopaaine  (DA) -containing 
neurons  in  the   zona  coapacta  of  the  substantia  nigra  and 
ventral   tegaentua.    From   these  neurons  arise   the 
nigra Istriatal  and  aesocortical-aesoliabic   EA  systeis. 
However,   neither  of  these  systeas   appear  to  innervate  the 
hypothalaaus  significantly  (Heiner  et  al. ,  1972). 

The  DA  innervation  of  the  hypothalaaus  arises  priaarily 
from  intrahypothalauic  DA  systeas.  The  tuberoinfunditular  EA 
systea  consists  of  cell  todies   in  the  arcuate  nucleus  which 
project  to  the  aedian  eainence.   Axon  collaterals  terainate 
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in  the   arcuate  nucleus,   ventralateral  nucleus  and 
preDsaaaillary  nuclei.    Included  in   this  system   is  the 
tuberohypophyseai  DA  tract  which  contains  cell  todies  in  the 
arcuate  and  periveDtricular  nuclei   that  project  to  the 
neurohypophysis  and  interaediatc  lobes  of  the   pituitary 
(Moore  and  Blooa,  1978;  Palkovit2,  1981).   lastly,  a  poorly 
defined  collection  of  DA-contaiDing  neurons  in   the  2ona 
incerta,  dorsalaedial  subthalamus  and  posterior  hypothalacus 
form  the  incerto-hyjothalaaic  DA  systea.  Ihese  cells  project 
to  the  dorsal  anterior  hypothalaaus,  and  the  paraventricular 
and  lateral  septal  nuclei  (Bjorklund  et  al. ,  1975). 

Ejipephrine-containinq  pathways 

Of  the  three  aajor  catecholaaines,   EPI  has  the  narrowest 
distribution.    Two  EPI-containing  cell  groups  are 
interaingled   with  NE-containing  cells  in  the   lateral 
tegaentui  and  dorsal  aedulla.   In  addition  to  other  areas, 
these  cells  project  to  the   hypothalaaus  via   the  medial 
forabrair  bundle  (Moore  and  Blooa,  1979;  Palkovitz,  1981). 

Serotonergic  Pathways 

fhere  appears  to  be  a   widespread  distribution  of 
serotonin  (5HT)  terminals  throughout  the  brain.   Clusters  of 
5HI-containing  perikaryia  are  restricted  to  the  midline 
brainstem  raphe  nuclei.   Ascending  fibers  course  through  the 
medial  forebrain  Joundle  and  innervate  the   hypothalaius. 
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particularly  the  suprachiasiatic  nucleus   (Kuhar  et  al., 
1972).   In  addition,   there  is  eiridence  for  5BT  perikaryia 
within  the  hypothalamus  (Fuxe  and  Dnderstedt,  1968). 

Anatonj_of  Endogenous  Opioid  Peptide  CoDtainin£_jrgnj;rn^T 

Systeas  ~ 

At  present  three  distinct   faailies  of  endcgencus  opioid 

peptides  (EOP)  have  been  characterized.  Each  appears  to  have 

its  own  unique  precursor  Bolecule,   anatcaical  distribution 

and  receptor  subtypes.   Because  of  the   difficulties  in 

producing  specific  antibodies   which  distinguish  between 

these  three  groups  of  molecules  and  in  visualizing  peptide- 

containing  cell  bodies,   the  description  of  ECP  neuronal 

systeas  is  far  froa  coaplete. 

§gJk§~gPdorphin-contaijDin  g_  neurons 

Beta-endorphin  is  derived  froa  prccfioaelanocortin  (PCKC) 
and  has  been   colocalized  in  cells  with   ether  PCMC-derived 
aolecules  liJce  adrenocorticotropin,   melanocyte  stimulating 
horaone,  and  beta-lipotrcpin  (Mains  et  al.,  1S77) .  It  is  not 
clear  whether  all  FCHC-containing   neurons  release  the  sase 
degradation  products,   or  whether  as  Satscn  et  al.   (1980) 
suggest,   several  distinct  PCRC-nearonal  populations  exist, 
each  releasing   a  characteristic   set  of   aolecules.   One 
clearly  defined  beta-endorphin  pathway  is  agreed  upon  (Bloom 
et  al.,  1978;   Finley  et  al. ,  1981a).   Fusiform  neurons  are 
contained  in   the  tuberal  hypothalamus  extending   frca  the 
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lateral  arcuate  nuclaus  to   the  lateral  hypothalaaic  border. 
Fibers  project  to  the  anterior  hjpothalaBus  and  septuB  uhere 
the   pathway  reverses   direction  and   follows  the  stria 
terminalis  to  terainate  in  the  dcrsal  raphe,   locus  ceroleas 
and  central  gray.   Arborizations  are  found  throughout  the 
POA-AH  and  MBH  including  the  aedian  eiinence  and  arcuate 
nucleus.    Electronaiicroscopic  studies  have  revealed  local 
interactions  between   POHC-ccntaining  neurcns  in   the 
hypothalaaus  (Kiss  and  Hilliaas,  1983). 

Enjcephal in-con taining  neurons 

Enkephalins  are  derived  froa  a  precursor  nclecule  «hich 
contains  methionine-enkephalin,   carfcoxy-terainal  extended 
BethioniEe-enkephalin  and  leucine-enkephalin.    While  teta- 
endorphin-containing  neurcns  have  a  fairly  distinct  pathway, 
enkephalin-containicg   neurons  are  widely   distributed 
throughout  the  brain.    The  highest  ccncentraticns  cf 
■ethionine-enkephalin  are  found  in  the  striatum,  followed  by 
the  hypothalaaus.    Dense  methionine-enkephalin  innervation 
has  been  found  in  the  external  layer  of  the  median  eminence 
(Hatson  et  al. ,   1S80).   Enkephalin-ccntaining  cells  are 
generally  interneurcns  although  several  short  pathways  have 
been  described. 

1.   A  dense   collection   of   methionine-enkephalin- 
containing   cell  todies   in   the  central   amygdala 
project  to  the   bed  nucleus  of  the   stria  terminalis 
{Cuello  and  Paximus,  1S78), 
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2.  Magnocellulai   neurons  of      the   paraventricular   nuclei 
contain      methionine-enkephalin   and      project    to      the 
neurohypophysis    (Eossier    et   ai.,    1979). 

3.  A    preopticotuberal     pathway   with  cell    todies      in   the 
EOA-AH    projects     to  the   median   eainence      (finley   et 
al.,    1981b) . 

4.  Hethionine-enkephalin-ccntaining  perikeryia  in  the 
anterior  hypothalaaus  terminate  in  the  septal  area 
(Sakanaka   et   al.,    1982). 

Dynorphin-containinq  neurons 

Dynorphin  is  derived  froa   the   prcdynorphin-alpha- 
necendcrphin  precursor  along  with  leucine-enkephalin  and 
carboxy-terninal   extended   leucine-enkephalin   molecules 
(Goldstein  et  al. ,   1979;    Kakadani  et  al.,   1982). 
Conseyuently,   there  is  some   difficulty  in  distinguishing 
between  leucine-enkephalin   contained  within   prodynorphin- 
and  proenkephalin-ccntaicing  neurons.   Of  the  three  families 
of  EOP,   the  distribution  of  dynorphin-containing  neurons  is 
the  most  restricted.   A  supracptico-necrchypcphyseal  pathway 
appears  to  be  distinct   from  a  similar  methionine-enkephalin 
containing  pathway.   Some  of  these  supraoptic  neurons  also 
contain  vasopressin  and  corticotropin   releasing  factor  and 
project   to  the   median   eminence   in  addition   to   the 
neurohypophysis  (Hatson  et  al.,  1982a, b;  Both  et  al. ,  1983). 
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In  addition  to  the  btain,      EOP  are  fcund  in  the  pitcitary 
gland.   Beta-endorphin  coexists  with  other  ECBC  aolecules  in 
adenohypophyseal  coiticotropes  and  is  released  into   the 
blood  by  stiauli  which  also  stiiulate  adrenocorticctropin 
secretion  {C.  fiivier  et  al.,  1962).    ihe  anterior  pituitary 
and   intermediate  Icbes  contains   sone   of  the   highest 
concentrations  of  methionine-enkephalin  in   the  body  (eIccb 
et  al. ,  1977;  Kuaar  et  al.,  1979).   Because  of  the  presence 
of  EOP  and  their  receptors  in  the  pituitary,  their  potential 
influence  on  anterior  pituitary  hormone  release  cannot  te 
discounted  (Siaantcv  and  Snyder,  197fi) . 

^ig£oid_Concent rating  Menrons_ija_thP_R_ra2n 
While  it  is   recognized  that  neurons  may   serve  a  target 
sites  for  gonadal  steroids,   the  identities  of  these  steroid 
concentrating  neurons  are  not  kncun.    Specific  cytoplasmic 
and  nuclear  receptors  for   androgens,   estrogens,    and 
progestins  as  well  as  the  steroid  metabolic  enzymes  S-alfha- 
reductase  and  aromatase  have  been  characterized  in  the  train 
and  hypothalamus  (Massa  et  al.,  1972;  Saftolin  et  al.,  1975; 
Sar  and  Stumpf,  1975;  McEwen  et  al. ,  1979).   The  electrical 
activity  and  morphological  characteristics  cf  neurons  in  the 
hypothalamus  can  be  altered  ty   estrogens  (Pfaff  and  McEwen, 
1983;  loran-Allerand  et  al. ,  1983). 
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Neuroanatoaical  iDteracticny 
Although  the  distriijutions  of  LHBH,  monoaBine,   and  ECr- 
contaiQing  neurons  show  consideraile  oyerlap,  evidence  for  a 
direct  anatoaical  interaction  between  these  systeas  in  the 
hypothalaaus  is  lacking.   The  anatoaical  relationships 
between  peptide-containing   and  noradrenergic  neurons  have 
been   aost  intensely  studied.    Methionine-enkephalin 
containing  nerve  terminals  do   appear  to  synapse  on 
catecholaaine  perikaryia  and  axons  (legar  et  al.,   1983; 
Schwartz,  1979).   while  reports  of  such  an  interaction  in  th 
hypothalaaus  are  lacking,  Hoffnan  et  al.   (1582)   presented 
evidence  for  noradrenergic  terainals  synapsing  with  IHBH 
cell  bodies  en  passant.   Considering  the  clcse  proximity  of 
aany  nerve  terminals  in  the  median  eminence,   a  diffuse 
nonsynaptic  interaction  between  any   of  these  systems  is 
possible.   This  is  particularly  reasonable  considering  the 
extended  half-life  of  beta-endorp hin  (£looa  et  al.,   1978), 
which  would  allow  its  diffusion   to  adjacent  nerve  terainals 
even  in  the  absence  of  classical  synaptic  contacts. 

Improved  anatoaical  methods  aay  further  resolve   the 
nearoanatoaical  relationships  in  the  hypothalamus.   Eonkleiv 
et  al.    {1981}   compared  teta-endorphin  and   IHEH 
immunoreacUvity  in  adjacent  brain  slices  and  found  teta- 
endorphin  containing  neurons  and  terminals  tc  be  more  widely 
distributed  than  these  containing  LHfifi  in  the  MBH.   Double 
immucostaining  procedures  have  not   been  employed.    Ey 


29 

cofflparing  autoradiography  and  iaaunccytcchenaistry  Shivers  et 
al,   (1983a)   reported  that  IHEH  neurons  do  not  appear  to 
concentrate  estradici  in  their  nuclear  regions.    This 
contrasts  with  the   report  that   soae   neurons  in   the 
hypothalaous  that  are  electrically  sensitive  to  estrogen  do 
stain  for  LHRH  (Kelly  and  Eonlcleiv,  1S82). 

Patterns  of  Gonadotrcpin  Secretion 
Gonadotropin  secretion  is  inherently  pulsatile.  Ihether 
absolute  levels  of  LH  and  FSH  are  deternined  at  a  single 
time  point  across  several  aniaials  or  within  a  single  aniaal 
over  tiae,  these  levels  represent  the  suaaation  of  pulsatile 
discharges  of  horacne  which  vary  in  frequency  and  aaplitude. 
Because  of  the  longer  half-life  of  FSB  (Coble  et  al. ,  1969) 
pulsatile  LH  secretio  is  aost  frequently  studied. 

Hales 

In  the  male,   LH  secretion  is  characterized  by  hourly  low 
aaplitude  pulses  which  are  temporally  related  to  periodic  T 
episodes  (Ellis  and  Desjardins,   1982).   Although  LH  levels 
remain  fairly  constant   throughout  the  day,  T     levels  are 
highest  in  the  midafterncon  and  lowest  at  about  midnight. 
Peak  levels  of  P  and  FSH  coincide  with  midnight,   while  IHRH 
concentrations  in   the  MBH  fluctuate  shewing   lowest  levels 
between  1100  h  and  1600  h  and  peak  concentrations  at  19G0  h 
through  0800  h  (P.  Kalra  and  Kalra,  1977b). 
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The  reaoval  of  gonadal  steroid  feedback  by  gonadectoDiy  is 
followed  by  marked  changes   in  the  hyfcthalaiic-Fituitary-lH 
axis.   Hithin  hours  of  gonadectooy  in  the  male  LB   secretion 
is  increased,   and  by  two  weeks  after  castration  displays 
characteristic  high  aaplitude  pulses  with   a  frequency  oi  20 
to  30  ainutes   (Badger  et  al. ,   1978;    Gallc,   19aOa). 
Concentrations  of  iHEfl  decline  in   the  MBH  while  the 
pituitary  responsiveness  to  IHEH  and  receptors  for  the 
decapeptide  increase  (P.   Kalra  and  Kalra,  1977;   Nansel  et 
al.,  1979;   Conne  et  al.,  1982).   All  of  these  effects  are 
reversed  by  T. 

While   PSH  secretion  shows  a  siailar  response   tc 
castration,    T  replacenent  is  auch  less  effective   in 
returning  FSH  to  gcnadal-intact  levels  (Bahesh  et  al., 
1975).   Jhis  is  in  agreeaent  with  reports  that  other  gonadal 
and  hypothalaaic  factors  also  regulate  FSH  secretion  (BcCann 
et  al.  ,  1983)  . 

Fe sales 

In  the  female   rat  low  levels  cf   gcBadotrcpin  secretion 
are  interrupted  by  a  preovulatory  discharge  cf   IH  and  FSH 
every  4  to  5  days.  Gonadotropin  levels  during  the  prcestrous 
surge  aay   be  5   to  20  times   greater  than   basal  levels. 
Whether  basal  or  surging,   IH  and  FSH  levels  in  the  female 
rat  are  the  result   of  pulsatile   discharges  of   hcrmcne 
(Gallo,   1981a, b).   Prior  to   the  prcestrous  gonadotropin 
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surge  is  a  period  ot  follicular  development  characterized  by 
increasing  estrogen  titers  (P.   Kalra  and  Kalra,   1977a), 
These  sustained  estrogen  levels  pernit  the  expression  of  a 
daily  signal  for  LH  release  to  be  tiied  to  the  aidaf terccon 
(Legan  et  al,,  1975).   Superimposed  upon  this  cyclic  pattern 
of  LH  and  estrogen  secretion  is  a  circadian  variation  in  P 
secretion  by  the  adrenal  and  ovary.   Peak  P  levels  occur  in 
the  evening  prior  to  aidnight  (S.   Kalra  and  Kalra,  197aa) . 
The  largest  of  these  P  rhythis  is  on  pioestrus,   when  it  uay 
contribute  to  the  preovulatory  release  of  gonadotropins. 

This  proestrous  LH  surge  is  preceded  by  a  period  of  IHEH 
accufflulation  in  the  BBH  and  accompanied  by  a  decline  in 
levels  of  the  decapeptide  (S.   Kalra  and  Kalra,  1981).   The 
decline  in  HBH  LRBH  levels  appears  to  be  an  indication  of 
enhanced  LHRH   release  (Sarkar  et  al.,    1976).   Alsc 
accospanying  this  preovulatory  interval  is  a  aarked  increase 
in  the   LH  secretory  response  to  LH8H  and  an   increase  in 
pituitary  LHfiH  binding  sites  (Cooper  et  al, ,  1973;   Aiyer  et 
al.,  197U;  Savoy-Hoore  et  al. ,  1980). 

Mhen  the  feedback  effects  of  gonadal  steroids  are  rencved 
as  a  result  of  ovariectony,  the  response  of  the  pituitary  to 
LHBH  inmediately   increases  (Cooper  et  al.,    1S75). 
Luteinizing  hormone  levels  gradually   increase  over  a  three 
week  period,   the  result  of  increased  LH  pulse  amplitude  and 
a  small  increase  in  LH  pulse  freguency  (Ueick  et  al, ,  1981). 
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The  reinitiation  of  negative  and  positive  feedback  in 
ovariectonized  rats  by  gonadal   steroid  treatment  can  serve 
as  a  controlled  method   for  studying  gonadotropin  secretion, 
laaediately  after  the   injection  of  estrogen  or   the 
implantation   of   estrogen   containing   capsules   to 
ovariectcmized  rats,   IH  levels   decline  and  the  pituitary 
becomes  refractory  to  LHBfl  (Vilchez-Martinez  et  al.,   1971). 
Two  days  of  continuous  estrogen  exposure  enhances   the 
response  of  the  pituitary  to  LHBH  acd  induces  a  diffuse 
aidafternoon  LH  surge.   This  afternoon  IH  surge  repeats  for 
several  days  if  estrogen  titers  leoalD  elevated   (legan  et 
al.,  1S75) 

The  injection  of  P  several  hours   before  the  onset  cf  the 
LH  surge  further  increases  the   pituitary  response  to  IHBfi, 
enhances  the   nagnitude  cf  the   resultant  LH   surge,   and 
advances  its  onset  (Aiyer  et  al.  ,  1976;  Kalra  et  al, ,  1981). 
Concentrations  of  LHBH  in  the  HEH  increase  prior   to  and 
decline  during  the  period  of   IH  hypersecretion  in  a  fashion 
sinilar  to  that  seen  on  proestrus  (S.   Kalra  and  Kalra, 
1979) . 

Wonoaainerqic  Control  of  Gonadotropin  Secretion 

Of  the   major  neurotransmitters,   the  influence   cf  the 

aonoaaines  in   controlling  gonadotropin  secretion   has  been 

most  extensively  studied.   These  neurotransmitters  are  also 

iaportant  in  EOP  regulation  cf  horaone  output.  The  fcllosing 
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section  will  briefly  review  our  current  understanding  of 
aonoaminergic  regulation  of  LH   and  FSH  secretion.    fihile 
■anj  trends  are  apparent  in  this  area,   it  aust  be   cautioned 
that   few   Bonoaainergic  drugs  are  specific  for  one 
neurotraiisaitter  or  receptor,   Bather,  it  is  the  integration 
of  aauy  studies  and  ccnfirnaticns  of   those  works   that 
provide  an  accurate  description  of  the  role  each 
neurotransaitter   plays  in  the  control  of  gonadctrcpin 
release. 

Many  studies  hare  evaluated  the  activity  cf  moncaainergic 
neurons  in  various  reproductive  states,   especially  the 
catecholamine  neurons  (Heiner,  1S74;  Cooper  et  al. ,  1S78). 
Hethods  cf  estiaating  catecholaaine   neuronal  activity  which 
do  not  disturb  the  steady-state  inciude   the  rates  cf 
synthesis  of  NE   or   DA  froa  trace  aaounts  of  their 
radiolabeled  precursor,   tyrosine,   or  the  disappearance  cf 
trace  aacunts   of  added  radiolabeled  catecholaaine.   This 
technique  can  also  be  eaployed  fcr  the   evaluation  cf  5HT 
neuronal  activity   using  radiolabeled  tryptophan  or   5HI. 
Problems  associated  with  this  technigue  include  the 
inability  to  evaluate  saall  tissue  sections,   unequal 
distribution  of  the  radiolabeled  aainc  acid,  and  nonspecific 
uptake  of  the  label  by  nontargeted  cells. 

A  primary  non-steady-state   method   of  evaluating 
catecholamine  activity  includes  the  measurement   cf  NE  or  DA 
depletion  following  the  blockade  of  the  rate  limiting  en2ymG 
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in  catecholaaiae  synthesis,  tyrosine  hydroxylase.   With  this 
aethod  greater  neuronal  actiirity  is  indicated  by  increas€d 
rates  of  catecholamine  depletion  following  the  inhibition  of 
synthesis.  Using  this  aethod  catecholaiaines  can  be  evaluated 
in   small  nuclear  regions   using   sensitive   analytical 
techniques,   iith   the  high   dosages  required   to  inhibit 
catecholamine  synthesis,  soae  nonspecific  effects  Bay  cccur. 
Additionally,  it  cannot  be  assumed  that  catecholanine  neuron 
will  behave  similarly  under   ncn-steady-state  conditions. 
Fortunately,  studies  using  different  methods  often  agree. 

A  more  recent  method  of  evaluating  mcncaiinergic  neuronal 
activity  includes   the  measurement  of  amine   and  metabolite 
using  amperometric  methods.   These  techniques  have  net  been 
used  extensively  in  neuroendocrine  studies,  however. 

Horepinephj  ine 

A  large  body   of  evidence   suggests  that  central 
nccadrenergic  neurons  control  Lfi  and  FSU   secretion.   Sawyer 
and  collegues  originally  showed  that  a  variety  of  centrally 
acting  adrenergic  agents  influence   the  ovulatory  release  of 
gonadotropins  (Everett   et  al. ,   1949;    Sawyer,   1952; 
Barraclough  and  Sawyer,  1957).   Further,  these  effects  were 
not  elicited  at  the  level  of  the  pituitary  gland  («einer  and 
Ganong,  1978),   Most  investigators  today  agree  that  central 
noradrenergic   neurons   display   both   stimulatory   and 
inhibitory  influences  on  the  release  of  gonadotropins. 
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The  activity  of  noradrenergic  nearcns  appears  to  change 
in  concert  with  several  IH  secretory  states,   following 
ovariectoay  or  castration  the  ccncentration  of  NE  in  the 
hyfothalaaus  increases  (Dcnoso  et  al. ,  1967).   This  suggests 
an  increase  in  NE  metabclisa  and   hence  activity   using 
several  techniques  (Anton-Tay  and  iiurtman,  1968;   Anton-lay 
et  al. ,  1970;  Coppola,  1971;  Kizer  et  al. ,1974;   Siapkins  et 
al.,   1980).   Increased  NE  neuronal  activity  has  also  been 
noted  in   the  hypothalaaus  prior  to  IH   hypersecretion  on 
proestrus  or   following  gonadal  steroid   treatment  to 
ovariectcaized  rats  (Zschaeck  and  Hurtaan,  1973;   loftstrca, 
1977;  Bunaro,  1977;   Siapkins  et  al.,  1979).   These  studies 
argue  for  a  stiaulatory  role  for   noradrenergic  systeas 
controlling  LH  hypersecretion. 

Many  pharaacological  studies  support  a  lole  for   NE  in 
regulating  gonadotropin  release.   Adrenergic  agents  applied 
systeaically  or  intraventricularly  are   presuaed  to  interact 
with  catecholaaine  receptors  or  alter  monoaainergic  neuronal 
activity.  The   blockade  of  NE   synthesis  with  DA-beta- 
hydroxylase  (DBH)  inhibitors  suppresses  pulsatile  Lfi  release 
and  LH  hypersecretion  induced  fcy  endogenous  steroids  prior 
to  ovulation,  electrical  stimulation  of  the  hypothalaaus  and 
gonadal  steroid  adainistration  (P.   Kalra  et  al,  1972;   S, 
Kalra  and  HcCann,  1973;  Drouva  and  Gallo,  1976a;   Gncdde  and 
Schuiling,  1976),   This  blockade  of  Sf  synthesis  is  cvercoae 
by  the   pretreatment  with  dihydrcxyphenylserine   which  dees 
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not  require  DBH  for  its  aetabolisn  to  NE,  but  not  by  1-DCEA, 
a  precursor  in  catecholamine  synthesis.  Additionally,  alpha- 
adrenergic  antagonists  inhibit  Lfl  release  in  castrated  and 
gonadal  steroid  treated  rats,   while  neurotoxic  agents  such 
as  6-hydroxy-DA  can  prevent  prcestrcus  LH  release  (P,   Kalra 
et  al.,  1972;   Gnodde  and  Schuiliiig,  1976;   Bartinovic  and 
McCann,  1977).   Together  these  data  argue  for  a  stimulatory 
role  for  HE  on  gonadotropin  release. 

The  administration  of  NE   has  varying  effects  on  LB 
release  depending  en   the   mode  of  administration  and 
experimental  paradigm  employed,   ihile  in  vitro  evidence 
suggests   that  NE   can   stimulate   LHBB  secretion   from 
hypothalamic  fragments   via  an  alpha-adrenergic  mechaiiiEn 
(Ojeda  et  al. ,  1982;   Hiyake,  1983),   evidence  from  jn  vivo 
studies  indicate  that  IH  secretion  may  represent  a  balance 
of  both  stimulatory  and  inhibitory  inputs.   Intraventricular 
administration  of  NE  inhibits  IB  release  in  ovariectonized 
rats  (Gallo  and  Drouva,   1979).   It  is  not  certain  whether 
this  effect  is  mediated  by  one  particular  adrenergic 
receptor,  if  it  is  localized  at  a  site  within  or  cutside  the 
hypothalamus,   or   if  the  inhibition  occurs   through  LBBE 
neurons  (Caceres  and  Taleisnik,  1S80,   1982;  Leung  et  al., 
1981,  1982). 

In  ovariectomized  rats  pretreated   with  gonadal  steroids 
the  intraventricular   administration  of   NE  stimulates   IH 
release  (Krieg  and  Sawyer,  1976;   Vijayan  and  McCann,  1978; 
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Gallo  and  Drouva,   1979).   It   would  appear  that  ic  an 
ovariectcnized  anioal,   the  inhibitory  effects   of  NE  en  IH 
release  predominate,   while  in  the  presence  of  gonadal 
steroids,   stiaulatory  nodes  of  HE  cd  LH  release  are 
priaarily  operatiire. 

Despite  many  studies,   the  nature  cf  the  coupling  of  the 
noradrenergic  neuron   to  the   IHBH-containing  neuron  is  a 
subject  of  debate.   LH  secretion  is  acst  vigorous  when  SE  is 
infused  in  a  pulsatile  fashion  and   desensitization  ensues 
with  a  continuous  SE  infusion  (Gallo,  1S82) .   Yet,  a  recent 
study  by  Estes  et  al.   (1982)  suggest  that  a  single  dose  of 
the  alpha-adrenergic  agonist,   clonidine,    stinnlates 
pulsatile  LH  release  for  several  hours.   This  would  suggest 
that  noradrenergic  neurons  have  a   periaissive  effect  on  IHSfl 
pulsation,   rather  than  being  the  driving  force  behind  each 
individual  pulse.   This  diffuse  functional  relationship  fits 
the  general  lack  of  a  direct  anatoaical  connection  between 
the  two  systems. 

Epinephrin 

The  recent  development  of  inhibitors  of  EFI  synthesis  has 
allowed   the  differentiation  of  effects   which  could   be 
attributed  to  either  NE  or  or  EPI-containing  neurons.   Cn  a 
molar  basis  EPI  is  more  potent   than  either  NE  or   EA  in 
eliciting  H  release  when  injected  into  the   ventricles  cf 
gonadal  steroid   treated  ovariectomized  rats   (Vijayan  and 
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McCann,  1978)-    Epinephrine  sight  be  iBpcrtant  in  mediating 
the  positive  feedback  effects  of   gonadal  steroids  in  female 
rats  (Adler  et  al. ,  1928;  S.  Kalra  1983).    It  is  not  clear 
hovever  what  role  EPI  may  play   in  regulating  LH  release  in 
ovariectofflized  rats  or  in  Bale  rats  (Kegro-Villar  et  al., 
1979;  Crowley  et  al.,  1982;  Crowley  and  Terry,  1981). 

Dopamine 

k    great  deal  of  conflicting  evidence  exists  concerning 
the  role  of  DA  in  regulating  IH   and  fSfl  release  in  uale  and 
fenale  rats.    In  vitro  studies   suggest  that  DA  stimulates 
LHBH  release  froa  hypothalaaic   tissue  fragments  (Schneider 
and  McCann  1969;  Eotsztejn  et  al. ,  1977).  The  activity  of  DA 
neurons  appears  to  be  enhanced  after  castration  in  the  ECA- 
AH  and  prior  to  gonadal  steroid-induced  LH  hypersecretion  in 
the  MBB  of  feaale  rats  (Siapkins  et  al.,  197S,  1980).   Shile 
this  aight  argue  for  a  stimulatory  role  for  EA  neurons  on  IH 
release,  DA  itself  does  not  consistently  induce  LB  secretion 
when  injected  into  the  ventricles  (Drcuva  and  Gallo,   1976a; 
Krieg  and  Sawyer,  1976;  Vijayan  and  HcCann,  1978;   Gallo  and 
Drouva,  1979) . 

Serotonin 

The  importance   of  serotonergic  neurons  in   the  overall 
regulation  of   gonadotropin  release   is   unclear. 
Intraventricularly  administered  5HT   stimulates  or  inhibits 
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LH  release  depending  on  the   dose  employed  {Kaaberi  et  al., 
1970;  Cramer  and  Porter,  1973).  Studies  with  the  neuiotoiin, 
5,7-dihydroxytryptaniine,   suggest  that  serotonergic  neurons 
stimulate  LH  release  (Huttke  et  al. ,   1978,   Van  der  Kar  €t 
al.,   1980).   Hhile  it  is  uncertain  whether  5HT-ccntaining 
neurons  control   LH  release  in  ovariectomized   rats  (Gallo, 
1980b),  several  authors  suggest  that  the  £ti«ulating  effects 
of  estrogen  and  P  on  LH  release  may  be   influenced  hy 
serotonergic  neurons  (Iyengar  and  Babii,   1983;   Walker  and 
Hilson,  1983;  Chen  et  al.,  198U)  .    Since  many  serotonergic 
drugs  also  act   upon   catecholamine   neurons  or   their 
receptors,   more  information  must  accuculate  en  this  subject 
before  a  more  definitive  assessment  can  be  made. 

Endogenous  Opioid  Peptides  and  the  Ccntrcl  of  Gonadotropin 

Secretion 

The  first  experimental  evidence  that  opioids  are 

inhibitory  to   reproductive  function   was  Barraclough   and 

Sawyer's  (1954)   observation  that  morphine  blocked  ovulation 

in  the  rat.  It  was  later  verified  that  this  blockade  was  due 

to  an  inhibition  of  the   proestrous  gcnadctrcin  surge  (Pang 

et  al.,   1977).    At  this  time  Cicero  et  al.   (1975a,   b) 

demonstrated  that   chronic  treatment  with   morphine  induced 

changes  in  the  reproductive  system   of  the  male  rat  siailar 

to  the  effects  of  narcotic   abuse  in  men,   i.e.   depressed 

serum  I  and  diminished  secondary  aei.   organ  function.    These 

studies   indicated   that  the  effects   cf   opiates   en 
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reproductiTe  function  could  ba  assessed  in  a  laboratory 
setting. 

Beproductive  Pharaacolcgy  of  Opioids 

The   antigonadotropic  effects  of  opiate  adainistraticn  are 
ultimately  exerted  at  tiie  level  of  the  hypothalaajus  through 
the  inhibition  of  Lflfia  release.   Many  careful  studies  have 
eliminated  other   possible  sites  of  action   (Cicero  1980a). 
Opiate  adninistraticn  has  no  effect   en  the  letabclisa  of  T, 
its  clearance  froa  the  blood,   or  its  fate  at  target  organs. 
Farther  the  effects  of  acrphine  are  not  exerted  at  the  level 
of  the   testes  either   by  effecting   I  synthesis  or  the 
response  of   the  lejdig  cell  to  gonadotropins.    At  the 
pituitary  gland,   acrphine  dees  not  alter  the  release  cr 
synthesis  of  LH  or  the  response   of  the  gonadotrope  to  LHSH. 
In  one  study  however,   leucine-enkephalin  acutely  inhibited 
the  LH  secretory  response  to  IHEB  (Hay  et  al. ,  1979), 

Several  lines  of  evidence  suggest  that   cpiates  exert 
their  antigonadotropic  actions  by  inhibiting  LHBH  release. 
The  increased   LHEH  concentrations  in  hypophyseal   portal 
plasaa  which  accoapanies  the   proestrous  gonadotropin  surge 
are  prevented  by  acrphine  treataent  (Ching,   1983).   Alsc, 
opiate  agonists  and  antagonists  can   aodulate  the  release  of 
IHfifl  froa  in  vitro  hypothalanic  incubations   (Botsztejn  et 
al.,  1978;  Drouva  et  al. ,  1981;   HilJces  and  len,  1981).   in 
one  study  the  LH  stimulatory  actions  of  an  opiate  antagonist 
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was  prevented  by  treatment  with   an  LHBH  antagonist  analogue 
(Blank  and  Boberts,  1982). 

It  is  likely   that  the  central  site  for  the  opiate-LHBH 
interaction  is  within  the  hypothalaaus  (S.   Kalra,   1981). 
However,  some  investigators  have  found  LH-inhibitory  effects 
of   opioids  administered  in  the  amygdala  and   brainsten 
(Parvizi  and  Ellendcrf,  1980;   lakoski  and  Gethart,  1981  and 
1982)  . 

Most  studies  of  opioid  effects  on  reproductive  function 
measure  serum  LH   levels  as  an  index  cf   IHfifl  output.   The 
acute  effects   of  opioids  on  LH  secretion  satisfy   the 
criteria  for  mediation   ty  an  opiate  receptor   (Cicero, 
1980a)  . 

1.  In  general,  all  opioids  depress  serum  LH  levels.  This 
has  been  found  to  be  true  for  both  opiate  alkaloids 
and  opioid  peptides  administered  s;steiically  as  well 
as  opioid   peptides  administered   intraventriculariy 
(Bruni  et  al.,  1977;   Cicero,   1980b;   Johnson  and 

Bosencrans,  1981;  Kinoshita  et  al,,  1981;  Kato  et 
al.,  1982;  Ehanot  and  HilJcinson,  1983;  Leadem  and 
Kalra,  1983;  Harko  and  Romer,  1983; 

2.  The  relative   potency  of  opiates  in  suppressing  IH 
release  parallels  their   pharmacological  efficacy  in 
other   preparations  such   as   the  displacement   of 
tritiated  opiates,    the  ability   to  inhibit   the 
contraction  cf  guinea  pig  illeum,   and  analgesia 
(Cicero  et  al.  ,  1976;  Cicero,  1980a). 
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3.  The  effects  cf  opiates  on  LH  secreticn  are  reversed 
by  opiate   antagonists  like  naloxone   or  naltrexone 
(Pang  et  al. ,  ^9^^^,      Cicerc  et  al. ,  1976,   Bruni  et 
al.,  1977.,  Huraki  et  al.,  198C). 

4.  Levarotatory  isomers  of  opiate  alkaloids  are  far  sore 
potent  in  inhibiting  LH  secretion  than  dextrorotatory 
isoaers  (Cicero  et  al.  ,  1976). 

Pkygiological  Inhibition  of  Gonadotropin  Secretion  by 
Opioids 

Although  the  existence  of  opiate   receptors  in  the  train 

and   hypothala BUS  and   the  presence   of  a   pharaacologic 

response  to  stimulation  of  these  receptors  suggest  opioid 

pathway  which  effects  IH  secretion,  this  does  not,   per  se, 

verify  that  EOP  nornally  act  to  inhitit  LH  release.   If 

physiologically  released  EOP  do  act  to  inhibit  IH  secreticn, 

then  blockade  of  opiate  receptors  with  a  narcotic  antagonist 

should  reverse  this  inhibition.   The  ability  of  naloxone,  on 

its  own,   to  stimulate  LH  and  FSH  secretion  is  the  mcst 

persuasive   and  most  frequently  verified  evidence  favoring 

an  EOP  inhibition   cf  LH  secreticn  (Meites  et  al.,   1979; 

Cicero,  1980b;  S.   Kalra  et  al.,  1980;  ferin  et  al.,  198U). 

If   blockade  of   EOF  activity   with   an  opiate   receptor 

antagonist  elicits  LH  secreticn,   then  sequestering  JOE  with 

an  appropriate  antibody  might   produce  the   same  effect. 

Antibodies  to   both  beta-endorphin  and  dynorphin   have  been 

found  to  stimulate  IH  secretion  (Schulz  et  al.,  1981;  Fornan 

et  al. ,  1983) 
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The  mechanisffls   Mediating  opiate  antagonist  induced  IF 
secretion  are  not  known.    Although  naloxone  occupies  cpicid 
receftors  and  prevents  the  ongoing  actions  of  EOP,   naloxone 
only  transiently  stimulates  LH   secretion,   and  like  opiate 
agonists,   tolerance  develops  to  its  effects  en  LH  secretion 
(Owens  and  Cicero,  1981).  Another  recent  study  suggests  that 
the  stimulation  of  LH  secretion  following  naloxone  injection 
■ay  reflect   prior  opiate  agonist  activity,    rather  than 
simple  displacement  of  an  opiate  agonist  from  its  receptor 
(Cicero  et  al. ,  1983b).   in  this  study  a  single  injection  of 
morphine  enhanced  the  ability  of   naloxone  to  elicit  LH 
release  for  several   hours  after  morphine  had   been  cleared 
from  the  brain. 

JLaltJ^le  Opioid  Receptors 

Several  classes   of  opioid   receptors  appear   to  exist. 
Ihile  different  classifications  are  used,  there  appear  to  be 
at  least  three  distinct  opioid  receptors,  teraed  au,   delta, 
and  kappa.   These   receptors  do  not  have   widely  divergent 
binding  affinities,   thus  distinguishing   between  the  three 
classes  with   specific  agonists  and  antagonists   has  proven 
difficult   Martin,   1S81)-   These  three  classes  may  share  a 
common  high  affinity  binding   component  (Hahn  and  Pasternak, 
1982).   It  is  this  high   affinity  component  that  appears  to 
mediate  the  analgesic  actions  of  morphine.    In  relation  to 
the  various  opioid  alkaloids  and  peptides,   the  au-opioid 
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receptor  appears  to  mediate  the  effects  cf  icrphine  and  its 
cogeners.   The  delta-opioid  receptor  appears  to  be   aore 
specific  for   the  enkephalins,    while  the  kappa-opioid 
receptor  appears  tc  be  aore  specific  for  dynorphin 
(Childers,  1980;  Chavkin  et  al.,  1982).   Another  receptor, 
called  epsilon,  has  been  proposed  based  on  receptor  binding 
studies  with  beta-endorphin  (Law  et  al.,  1979). 

Several  studies  have  utilized  opiate  alkaloids  and  opioid 
peptides  to  discern  which  receptor  sottype  aay  aediate  the 
effects  of  opioids  en  IH  secretion.   Opioid  inhibition  of  LH 
secretion  appears   to  involve  both  a  bu  and  kappa-cpicid 
receptor  component   (Cicero  et  al.,   1983c;    Gabriel  and 
Siapkins,  1983;   Leadea  and  Kalra,  1983;   Pfieffer  et  al., 
1983).   Ihis  agrees  with  studies  which  show  that  antibodies 
to  beta-endorphin  and  dynorphin,   but  not  methionine- 
enkephalin,   stiaulate  LH  secretion  (Schulz  et  al.,   1981; 
Forman  et  al,,  1983) , 

0£i°id-H0jDoaBiner3^ic  Interactions 

The  interaction  between  opioid  and  aonoaaine-ccntaining 
neurons  has  been  investigated  in  several  systems  (Schwartz, 
1979;   Kuchinsky,   1977).    Several   recent  studies  have 
characterized  a  possible  adrenergic  interaction  with  opioids 
in  the  control  of   gonadotropin  secretion.   The  stimulatory 
effects  of  naloxone  on  LH  secretion  are  prevented   by 
adrenergic  antagonists,   DBA  inhibitors   and  EPI  synthesis 


45 

inhibitors  (S.  Kalra,  1981;  S.  Kalra  and  Siiplcins,  198  1;  Van 
fugt  et  al.,  1981;  S.   Kalra  and  Croiiley,  1982;   Schulz  et 
al.,  1982;   Koh  et  al. ,  1983;   Adler  and  Crowley,   198^). 
Additionally,  the  acute  administration  of  opiate  antagonists 
appears  to  aodulate  the  activity  of  catecholaaine  neurons  in 
the  hypothalaaus  (Adler  and  Crcwley,  1984).   it  appears  that 
adrenergic  neurons  may  influence  IH  secretion  without  an 
intermediary  opioid  interaction  since   the  ichibitior  cf  IH 
secretion  seen  following  morphine   is  reversed  by  subsequent 
treatment  with  clonidine  or  the  intraventricular   Efl 
injection  (S.  Kalra  and  Siapicins,  1981;  S.   Kalra  and  Gallo, 
1983). 

In  addition  to  both  NE  and  EPI-containing  neurons,  ECF 
have  teen  shown   to  interact   with   dcpaainergic  and 
serotonergic  neurons  (Van  Loon  and  De  Scuza,  1978;   Gudelsky 
and  Porter,  1979).   There  have  been  reports  that  the  effects 
of  opiates  and  EOP  on  LH  secretion  are  influenced  by  each  cf 
these  icnoaminergic  neuronal  systems   (Botsztejn  et   al. , 
1978;  leiri  et  al. ,  1980t). 

Opioid-Gonadal  Steroid  Interacticns 

While  it  is  apparent  that   EOP-containing  neurons  act  to 
suppress  LH  release,   the  function  of  this  inhibitory  input 
is  not   well  understood.   Soae  researchers  have  presented 
evidence  that  EOP  aay  relay   the  feedback  signals  of  gonadal 
steroids  in  the  brain.   Morphine,  like  1,   can  prevent  the 
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post-castration  rise  in  serua  LH,   while  naloxone  and  I  are 
■atually  antagonistic  on  LH  secretion   in  ctchidectcmized 
rats.  Similarly  estrogens  can  inhibit  naloxone's  stinulation 
of  LH  secretion  in  cvariectoaized  rats  (Blank  et  al. ,   1979; 
and  1980;  Ciceco  et  al. ,  1980;  Sylvester  et  al. ,  1982;   Van 
Vugt  et  al.,  1982) 

If  opioid  neurons   do  relay  the  feedback   signals  of  the 
gonadal  steroids  on  LH  secretion,   then  it  can  be  expected 
that  the   phariacological  efficacy  of  opicid   agonists  and 
antagonists  will  vary  under   differing  reproductive  states. 
In  prepubertal  feaale   rats,   when  Lfl  levels  are  narkedly 
suppressed!   naloxone  is  highly  effective  in  stinulating  IH 
release  (Blank  et  al. ,   1979).   Ihe  efficacy  cf  naloxoce  in 
stimulating  LH   secretion  appears   to  vary   diurnally  and 
diminish  after  castration  (Blank  and  Mann,  1981;   Cicerc  et 
al.,    1S83).   Opioid  agonists  are   more  effective   in 
prepubertal  rats  compared   to  pubertal  rats,   and   in  rats 
castrated  acutely  versus   rats   castrated  several   weeks 
(Bhanot  and  Wilkinson,  1983;  Cicero  et  al.,  1982a;  Wilkinson 
and  Bhanot,  1983) . 

An  alternate   means  of   evaluating   the   potential 
involvement  of  BOP  in  mediating  gonadal   steroid  feedback 
would  be  to  assess  changes  in  ECE  concentrations  or  their 
release  under  varying  steroid   milieus  Peptide  release  wculd 
be  the  most  preferable  estimate   of  neuronal  activity.   To 
date,    only  beta-endorphin   has  teen   evaluated  in   the 
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hyfofhyseal   portal  plasma   of   non-faunian  pcinates.    Cf 
interest,   beta-endocphin  levels   decline   ptecifitcasly 
following  ovariectomy  and  during  menstraation  (Ferin  et  al. , 
T984),   This  would  imply  that   the  activity  of  hypothalamic 
beta-endorphin-containing   neurons   depends   en   ovarian 
factors,  particularly  F. 

Tissue  levels  of  EOF  show   changes  which  may  be  relevant 
to  gonadotropin  secretion.  Both  beta-endorphin  in  the  septus 
and  aedial   preoptic  area  and  nethicniBe-enkephalin   in  the 
BBH   and  POA-AH   display  circadian   variations  in   tissue 
concentrations  that  parallel  changes  in   LHBH  levels  in  the 
hypothalaiaus  of  the  male  rat  (Kumar  et  al,,  1982;  S.   Kalra 
et  al.,  19  lb;  Kerdelhue  et  al,,  1973).   Orchidectomy  dees 
not   appear  to  alter  beta-endorphin   levels   in   the 
hypothalamus  but  decreased  levels  of  both  beta-endorphin  and 
methionine-enkephalin  are  found  in   the  KIl  and  anterior 
pituitary  following  castration  (lee  et  al, ,   1980;   Eong  et 
al.,   1982;   Petraglia  et  al. ,   1982;   loshikawa  et  al., 
1983a, b).   Beta-endorphin  levels  in  the  hypothalamus  appear 
to  increase  as  male  rats  approach  puberty  (Lee   et  al., 
1980). 
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Bationale 

Froa  the  literature   presented  it  appears  that   EOP  aay 
function  as  one  of  several  neurotransnitters  that  regulate 
the  release  of  the  gojaadotropins,  LH  and  FSH,   Based  on  the 
pharaacological  effects  of  opioid   agonists  and  antagonists 
during  various   reproductive  states,   and  the   ability  of 
gonadal  steroid  alterations  tc  icdify  EOP  levels  in  the 
brain  and  pituitary  it  appears  that  ECP-containing  neurons 
respond  to  changes  in  the  steroid  ailleu.   These  changes  say 
reflect  alterations  in  EOF  neuronal  activity  which  nediate 
the  feedback   effects  of  gonadal  steroids  en  gonadotropin 
secretion. 

This  thesis  will  present  a  series  of  pharnacological 
investigations  of  opioid  neurons  in  aale  and  feaale  rats.  In 
the  aale,   EOP  appear  to  suppress  LH  secretion,   but  the 
nature  of  this   inhibition  is  not  well  understood.   These 
studies  will  evaluate  the  feedback  effects  cf  the  gccadal 
steroids  on  LH  and  FSH  secretion  in  the  presence  of 
continuous  opiate  receptor  stiaulation  with  acrphine.  In  the 
female  rat,  the  extent  of  EOP  inhibition  of  IK  secretion  has 
not  been  fully  assessed.   Naloxone  was  used  tc  evaluate  the 
potential  EOP  inhibition  of  IH  secretion  present  during  the 
estrous  cycle   and  following  gonadal  steroid   treatiDent  tc 
ovariectcaized  rats.   Finally,   the  feedback  effects  of 
gonadal  steroid  treatment  on  gccadotropin  secretion  in 
feaales  was  evaluated  in  the   presence  of  continuous  opiate 
receptor  stiaulation  with  aorphine. 


CHAPTER  III 
GENEEAl  MATEBIALS  AMD  HEIHGDS 


Aninals 

The  laboratory  rat  was  chosen   as  the  experimental  aniaal 
in  these  studies.     Adult  male  and  feoale   S-D  rats  were 
obtained   from  Charles  Rivers   Breeding  Laboratories  in 
Hilaingtcn,  Hassachusetts,   Aniaals  weighed  180  to  220  grams 
upon  arrival  and  were  allowed  several   days  to  adjust  to  the 
animal  guarters  before  initiating   an  experiment.    The  rat 
colony  was  maintained  in  a  light   (lights  on  0500  h  through 
1900  h)   and  temperature  (26  ±  I*  C.)   controlled  room  with 
food  and  water  provided  ad  lititum. 

Reproductive  status  cf   female  rats   was  verified   by 
microscopic  examination  of  vaginal  lavages  (Ingram,   1956). 
Rats  which  displayed  two  consecutive  1-day   estrous  cycles 
were  chosen   for  studies  employing  gonadal   intact  female 
rats.   The  normal  sequence  of  cell  morphology  in  the  vaginal 
smear  consists  of  lavages  containing  cornified  epithelial 
cells  (estrus) ,    followed  by   two  days   cf  predominately 
leukocytic  smears  (diesttus  I  and   diestrus  II) ,   which  is 
then   followed  by   a  day   in  which   the  lavages   ccctain 
nucleated  epithelial   cells  (proestrus).     The  cornified 
epithelium  and   leukocytic  smears  are  characteristic   of  a 
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gonadal  steroid   ailleu  dominated  by  estrogens  and 
progestins,  respectively. 

Surgical  procedures   consisted  of   subcutaneous 
implantation  of  drugs  or  steroids  and  bilateral  gonadcctomy 
performed  under  light  ether  anesthesia.   Hale  rats  were 
orchidectomized  by   exteriorizing  the  testicles   through  a 
midline  ventral  incision.  Female  rats  were  ovariectomized  by 
a  bilateral  dorsal  approach.   Animals  were   monitored  for 
post-surgical  wound  healing. 

Two  methods  were  employed  for  collecting  blocd.   In  mcst 
experiments,   trunk  blood  was  collected  by  decapitation. 
Decapitations  were  completed  within  30  seconds  of  removal  of 
each  rat  from  its  home  cage.   In  studies  employing  IBBH 
injection,   blood  samples  were  collected  ty  cardiac  juncture 
under  light  ether  anesthesia.    All  blood   samples  were 
collected  in  a  room  separate  from  the  animal  guarters.   Sera 
was  separated  from  trunk  blood   fcy  centrif ugation  (1000  X  g) 
for  15  minutes  while  jugular  and  cardiac  blood  samples  were 
centrifuged  in  a  microcentrifuge  for  twc  minutes.   All  sera 
were  stored  at  -20°  C,   for  later  hormone   analysis  ty 
radioimmunoassay  (EIA). 
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Dissection  of  Brain  lissue 
Brains  were  rapidly  renoved  and   placed  with  their  dorsal 
surface  on  ice.   Tissue  sections  containing  the  MEH  and  POA- 
AH  were  removed  using  fine  iris  scissors.   Cuts  for  the  KBH 
fragaent  were   aade  at  the   posterior  torder  of   the  optic 
chiasm,  then  caudally  at  the  level  of  the  aaBHillary  bodies, 
2  BiB  laterally  at  the  hippocaapal  sulcus,  and  2  ma  telow  the 
ventral  surface  of  the  hypothalaaus.    Ihe  bcundries  of  the 
POA-AH  tissue  slice  were  the  caudal  borders  of  the  olfactory 
tubercles  to   the  posterior  border   of  the   cptic  chiasn. 
Additional  cuts  were  placed  2  ma   lateral  to  the  aidline  and 
approximately  2  ao  from  the  dorsal   surface  cf  the  ECA-AH  at 
the  level  of  the  anterior  coamissure. 

Gonadal  Steroid  Treataent 
Gonadal  steroids   were  oiatained  frca  Steraloids   Inc., 
Hilton,  N.J,  and  administered  as  subcutaneous  implants  or  as 
injections,   laplants  consisted  of  Silastic  tubing  (1.57  ma 
i.d.,  3,17  ma  o.d.)  of  lengths  ranging  frca  2.5  am  tc  30  ma. 
Capsules  were  filled   with  either  crystalline  forms   of  I, 
5-alpha-dihydrotestcstercne  (DHT)   or  17-beta-estradicl  (E2) 
or  E2  dissolved  in  sesaae  seed  oil.  The  implants  were  sealed 
at  both  ends   with  Silastic  adhesive  and  allowed   to  dry  at 
room  temperature  for  2H    to   48  hours.    Before  use,   these 
iaplants  were  soaked   in  phosphate  buffered  saline   for  48 
hours.   These   iaplants  provide  sustained  bleed   levels  cf 
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gonadal  steroids  for  several  weeks.    In  the  aale  rat  these 
inpiants   reversed  f ost-castraticn  Ifl  hypersecreticc   at 
physiologically  relevant  dosages  (P.  Ralra  and  Kalra,  1980). 
The  iaflantatioQ  of  crystalline  £2  in  ovariectoaized  rats 
provided  sustained  E2  levels  which  imediately   reduced  IH 
secretion  and  stiaulates  a  daily  signal  for  the  aidafternoon 
release  of  LH  (Legan  et  al. ,  1S75). 

Two  ether  aethods  for  stiaulating  aidafternoon  IH 
hypersecretion  in  ovariectoaized  rats  eaployed  the  injection 
of  estradiol  benzoate  (EB)   or  the  seguential  administration 
of  EB  flus  P.   Bats  which  were   ovariectoaized  two  weeks 
previously  were  injected  with  "7.5  ug   cf  IB  dissolved  in  100 
aicrcliters  of  oil  at  1000  h.  This  treataent  produced  a  fall 
in  LH  secretion  followed  hy  a  aidafterECcn  LB   surge  two  days 
later.  If  5  mg  of  P  dissolved  in  100  aicrcliters  of  oil  were 
injected  into  these  rats  U8  hours  after  EB  treataent,  a  aore 
pronounced  LH  surge  with  an   earlier  onset  results.   Cther 
endocrine  changes  accoapanying  this   treataent  are  discussed 
in  Chapter  XI. 

Treataent  with  Morphine  or  Naloxone 
Horphine  dependency   was  produced  by     subcutaneous 
iaplantation  of  one  pellet  containing   75  ag  aorphine  {free 
base,  Herk,   St.   Louis,   HO),   37.5  ag  aicrccrystalline 
cellulose  (Ivisil,  FBC  Corporation,  Philadelphia,  PA.),  0.56 
ag  Cab-o-sil  (Cabot  Corporation,  Boston,   MA.)   and  1,  13  ag 
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magnesias  sterate  (Fisher  Chemical  Co.  fair  Lawn,  M.J. ).  Two 
days  later,   two  additional  mcrphine  pellets  were  imflanted. 
The  pellets  were  coafoanded   in  this   laboiatory.   Ihis 
treatment  regimen  produced  morphine   dependency  as  measured 
by  several  tests   c£  analgesia  and  uithdraual   (Gibson  and 
Tingstad,  1970;   Siapkins  et  al. ,  1983b).    Control  animals 
received  placebo   pellets  which   were  formulated   with  an 
additional  75  mg>  Avisil  rather  than  morphine  free  base. 

Naloxone  flCl  (Dupont  Pharmaceuticals,  Garden  City,   N.J.) 
was   dissolved   in   iiormal    saline   and   administered 
subcutaneously. 

Heasuremeit  of  Catecholamines  ladolamines  and^Hetabplitgs 
Concentrations  of   NE,   DA,   5HT,   the   NE  metabolite 
normetanephrine  (NME)  ,   the  DA  metabolites  dihydroxyphenyl- 
acetic  acid  (DOPAC)  and  hoBovaoillic  acid  (HVA)   and  the  5HT 
metabolite  5-hydroxy-indolacetic  acid  (5HIAA)   were  measured 
by  amperometric  methods  following  their   separation  by  high- 
pressure  ligaid  chromatography  using  a  modifacticn   of  the 
procedure  described   by  Richaud   et  al.     (1981).    The 
separation  was   accomplished   usiag    reverse   phase 
chromatography  across  an  IBR  LC-18  (15   cm  X  ^^.6   mm,   5 
micrometer  particle  size)  with  a  mobile  phase  composed  of  6% 
methanol,  0.2  mH  octyl  sodium  sulfate,   0.1  H.   NaH2£C4  and 
0.1  mH  EBTA  at  pH  2.9.   The   flew  rate  was  varied  from  0.5 
ml/min  for  the  first  7.5  minutes  of  separation,   0.7  ml/min 
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from  7.5   through  23  ainutes,   2.C   nl/iain  from  23   to  39 
minutes  and  3.0  ml/Bin  thereafter,  through  57  minutes.   Ihis 
procedure  allowed  the  elution  of  catecholaffiines,  indclaaines 
and  their  aetaboiites  in  standards   and  sanples  within  a  one 
hour  period.   The  tiaes  for  eluticn  (in  order)  for  HE,   NKI, 
DA,  DOPAC,  SeiAA  and  flVA  were  5.5,  13,  17.5,  21,  28.5,   33.5 
and  36   minutes  respectively.    Ihe  detection   of  amines, 
indolamines  and  their  metabolites   was  accomplished  with  an 
electrochemical  detector  (IBH, model  IC   9533)   set  with  the 
potential  difference   between  the  working  electrode   and  a 
reference  AgAgC12   electrode  of  0.9   volts  and   a  current 
generated  at  20  nA/mV. 

Tissue  sections  containing   the  HEB   and  EOA-AB   were 
dissected  from  brain   tissue  as   described  above.    The 
fragments  were  homogenized  with  a  tissue  sonicator  in  O.a  N. 
perchloric  acid  containing   1  mgX  EDTA  at   a  weight: volume 
ratio  of  1   ag/10  microliters.   Average  weights   of  these 
tissues  were  19.0  ±   0.5  mg  for  HEH  and  20.2   ±  0.6  mg  for 
POA-AH. 

To  each  20  microliter  of  sample   of  MBH  and  POA-AR  tissue 
homogenate  was  added  2   ng  dihydicxybenzo-acetic  acid  (DHEA) 
as  an  internal  standard.    The  concentration  of  each  amine, 
indolamine,  and  metabolite  was  determined  by  the  peak  height 
ratio  of   the  compound  to  DHEA   in  relation  to   a  standard 
curve  of   peak-height   ratios   for   that   particular 
catecholamine,  indolamine,  or  metabolite.  The  sensitivity  of 
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this  assay  was  less  than  100  fg  for  NE,  DA,  5HT,   and  their 
■etafaclites. 

fi°£°ojj€-Ba4ioiBaunoassavs 
iaie in izi na_H o rmgne_and_ Follicle  Stiaulating  Kornrng 

Serua  and   mediua  samples  were  assayed  for  LH  and  FSB 
using  the  kits  provided  by  the  National  Institutes  of 
Arthritis,   Diabetes  and  Digestive  and  Kidney   Eiseases 
(NIADDK).  The  rabbit-derived  antisera  used  were  NIADBK-anti- 
rLH-S-7  for  the  LH  assay  and  NIAEDK-anti-rFSH-s- 11  for  the 
FSH  assay,  fiadioiodinations  were  perfcried  in  cur  lafccratory 
using  standard  procedures  for  a  chloraaine-T  iodination  with 
gel  filtration  to  separate  free  iodine  free  hcraone-fcound 
iodine . 

Because  these  studies  were  perfcraed  ever  a  considerable 
period  of  tiae ,  LH  values  were  determined  in  relation  to  two 
LH  reference  standards  provided  by  the  NIADDK.   The  later  LH 
reference  preparation,   lH-BP-2,   was  61  tiaes  more  potent 
than  the  original  LH-RP-1.   To  aid  in  the  ccaparison  cf  IH 
values  across  experiaents,  all  IH  values  were  expressed 
relative  to  the  original  LH-HP-1  standard.    The  figure  cr 
table  legends  will  note  when  this  conversion  was  aade.    fSH 
values  were  expressed  in  relation  to  the  reference  standard, 
FSH-fiP-2.   The  intta-assay   variation  for  the  LH   and  fSh 
assays,   determined  by  the  coefficient  of  variation  for  10 
replicates  of   pooled  castrate  serua  which   inhibited  the 
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binding  of  the  radiolabeled  hormone  H0%     to  60%  was  6.8X  and 
6,3X,  respectively.   The  inter-assay  variation,   deteriined 
froB  successive  pooled   serua  in  assays  perfcrned   over  a  6 
Bonth  period  was  11JE  and  8%      for  IH  and  fSH,   respectively. 
The  sensitivity  of  these  assays,   defined  as  a  the  aiBcunt  of 
standard  hormone   reyoired  to  inhibit   the  binding   of  the 
radiolabeled  horaone  by  20%  was  C.90  ng  (LH-BP-1)  for  IH  and 
0.40  ng  for  FSH. 

Luteinizing  Horaone  Releasing  Horaone 

Tissue  sections  containing   the  MEH   and  EOi-AH   were 
hosogenized  in   2  al  of  0,1   N.   HCl  and   supernates  were 
analyzed  for  LHRH  using  filA  aethods  described  previously  (S. 
Kalra,   1S76) .   Acid  supernates  were  neutralized  with  2  K. 
NaOH  during  the  assay   procedure.   Synthetic  LH8H  obtained 
from  Eeckaan  Co,   (Palo  Alto,  CA.)  was  used  as  the  reference 
standard  and  for  iodinaticn.    Hcnoradioiodicated  LHSH  was 
employed  as  described  previously   (Sett  and  adaias,   1977). 
Babbit  antibodies   against  LHBH  were  purchased  f roo  Miles 
Laboratories  (Elkhart,  IN).  The  siniaua  sensitivity  for  this 
assay  was  2   pg  per   tube   and  was   estiaated  as   the 
concentration  of   LHfiH  which   inhibited  the   total  labeled 
binding  by  10X,   Concentrations  of   LHBH  were  expressed  in 
terms  of  tissue  saaple  (i.e.  ng  per  MBH  or  POA-AH) . 
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Testosterone 

Serum  T  levels  were   analyzed  according   to  procedures 
described  previouslj  (P.  Kalra  and  Kalra,  1982). 

Statistical  Analysis 
For  most  experiaents,   analysis  of  variance  with  Student 
Neuaan  Keuls  tests   were  used  to  evaluate   the  significant 
differences  between  treatment   groups.   Hhere  appropriate, 
Student-t  tests  were  also  used.    In  studies  which  injected 
LHBH,   paired-t   analyses  were  eaployed  to   deteraine  the 
significant  effects  of  LH8H  injection.   To  further  evaluate 
data  in  Chapter   t,   the  regression  analysis   prcgraas 
contained  in  the  Statistical  Analysis  Systea  package  offered 
by  the  Northeast  Regional  Data  Center  were  utilized.   In  all 
studies  a  significance  level  of  p  <  0.05  was  reguired. 


CHAPTEfi  IV 
THE  EFFECTS  OF  CHBCNIC  MCBPHINI  TfilATKENT  ON  TESTCSIEBO  NE 
NEGATIVE  EEEDBACK  IN  CASTBAIED  MALE  fiAIS 


Introduction 
The  feedback  effects  of  gonadal  steroids  on  LH  secretion 
are   believed  to   be  mediated   bj   the  hypothalamus   and 
pituitary  (Drouin  and  labrie,   1976;   S,   Kalra  and  Kalra, 
1983).   Recent  investigations  froi  several  laboratories  show 
that  morphine   or  ECP  can  acutely  suppress  IB  release  in 
intact  and  gonadectcaized  rats  (Meites  et  al. ,  1979;  Cicero, 
1980;   Kinosfaita  et  al.,  1981;   leaden  and  Kalra,   1983). 
Interestingly,   gonadal   steroids  have  also  been   found  tc 
aodify  EOP  levels  in  various   sites  within  the  hypcthalaaus 
and  the   secretion  of   beta-endorphin  in  the  hypophyseal 
portal  systea  (Barden  et  al. ,  1961a;   iardla*  et  al.,  1982; 
Wehrenberg  et  al.,  1S82) .  Further,  acute  blockade  of  central 
opiate  receptors  with  narcotic  antagonists  transiently 
reverses  the  inhibitory  feedback  effects  of  T  on  IH  release 
(Cicero  et  al.,  1980).   Since  gonadal  steroid  treatnent  and 
opiate  receptor  stinulaticn   suppress  IH  release   and  ECE- 
producing  neurons  are  found  in  the  vicinity  of  iHfiH  neurons, 
it  is  logical   to  suspect  that  ECE-containing   neurons  nay 
either  aediate  the  feedback  effects   cf  gonadal  steroids  or 
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that  they  may  act  through  similar  hyfcthalamic  mechanisms  to 
decrease  LH  release  (P.   Kalra  and  Kalra,  1980;   Hatson  et 
al.,  1980;  Sar  and  Stuapf,  1975;  Shivers  et  al.,  1983b).  The 
following   study   compares   continuous  opiate  receptor 
stimulation  with  morphine  to  I   replacement  on  LH  secretion 
in  castrated  rats,  and  evaluates  the  feedback  sensitivity  of 
T  on   LH  secretion   in  the   presence  of   chronic  morphine 
treatment. 

Experimental 
In  these  studies  castrated   rats  were  treated  chronically 
with  morphine  pellets  and  tubing  containing  crystalline  T. 

Experiment  1 

In  the  first  study,  rats  received  either  chronic  Borphine 
treatment,   replacement  T   therapy  (two  15  Em   tubes)   cr 
control  treatment  (placebo  pellets   or  empty  tubes)   which 
commenced   either  at   the  time   cf  cr   twc  weeks   after 
castration.  Animals  were  killed  by  decapitation  after  7  days 
of  treatment.   Serum  was  analyzed  for  LH  and  T,   while  the 
brains  were  rapidly   removed  and  dissected  for   analysis  of 
MBfl  and  AH-POA  LHBH  concentrations. 
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Experigept  2 

In  the  second  study,   rats   were  castrated  and  two  weeks 
later   received  either   control  pellets   or  implants   of 
morpiiine,  T,   or  aorphine  plus  T.   lestcstercne-containing 
tubes  were  either  2.5,  5.0,   or  10.0  an  in  length.   Animals 
were  killed  by  decapitation  U  days  later.  Serua  was  analyzed 
for  LH  and  1,   while  brains  were  rapidly  reaoved  and  tissues 
dissected  for  analysis  of  LHBH  ccncentrations, 

EKferiaeat  3 

Rats   which  had  been  castrated   two  weeks   previously 
received  either  control,   5  an  T,   or  aorphine  plus  5  am  T 
iaplants.   After  4  days,   rats  were  killed  by  decapitation, 
anterior  pituitaries   were  reaoved,    heaisectioned,   and 
preincubated  in  control  aediui   (siniaal  essential  aediuo  *■ 
25  bM  Hepes,  pH  7.2,  Gibco  Inc.,  Grand  Island,  NY)   for  one 
hour  at  37°   C,    Fresh  control  mediua  or  aediua  containing  1 
X  10-7   H,   LHBH   was  then   added  to   the  heaipituitary 
incubation  aediua  and   the  incubation  continued  for   an 
additional  hour.   Hediua   was  stored  at  -20°   C  for  later 
analysis  of  LH  levels. 
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Hesults 

|l|e£j3^f^Tiffle_Aft€r_Castraticn_cn_the  SerujLH   and 
lil£Qi^jla.ixc_LjiBH_jg6s^cBses_tc  T  and   fflorphlni 

Figure    1      illustrates  serua      IH  concentrations     in   rats 
treated   «ith  either  T   or     oorphine  ia«ediately  after   or   t*o 
weeks  after  castration.      Serua  T   levels  attained   by   the   two 
15   ma      implants   were      2161   ±    12C      pg/al  in      rats    treated 
iaaediately  after  castration     and  2439    ±    129      pg/al   in   rats 
receiving  T  two  yeeks   after   castration.      Ihese   levels   are   in 
the   range   observed    noraally  in      intact  nale  rats    {P.      Kalra 
and  Kalra,    1980).      As   evident  froi  figare    1,    when   treatment 
was  started  at   the    tiae      of   castration    (short-tera   castrate) 
both      Borphine     and     T      prevented      the      pcst-castration 
hypersecretion   of      la    (p   <      0.05).         However,        when   the 
initiation  of      treataent   was   delayed      for  twc      weeks  after 
castration    (long-tera  castrate),    unlike  T,      aorphine   was   no 
longer   effective   in   suppressing   le   secretion. 

Levels  of      LHEH   in    the  MBH     of  rats  treated   with      T   or 
■orphine   either  at    the   time    of  castration  or   two   weeks  after 
castration   are  shown      in  Figure   2.        Beth      I   and   aorphine 
prevented      the     post-castration      decline     in      MBH     LEHE 
concentrations  if   the      treatments  ccaaenced   at   the      tiae   of 
castration    (p   <   0.05).      Two    weeks  after   castration,    however, 
only  T    was   effective   in   stiaulating   LHBH   accuaulation   in   the 
MBH. 

Levels  of  LHEH      in   the  AH-POA   of      castrated   rats   treated 
with   I      cr  aorphine   were     unaffected   by     any  experiaental 
treataent    (data  not   shown). 
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Figure  1:   Serua  LH  concentrations  in  rats  treated  with 

morphine  or  T  at  the  tiae  of  castration  or  two 
weeks  after  castration. 

Short- teia  castrate  =  treataent  started 
iaaediately  after  orchidectcay.   Icng-tera 
castrate  =  treataent  started  two  weeks  post- 
castraticn.  ♦  p  denotes  <  C,05  vs.  control.  IH 
concentrations  aaong  the  control  groups  were  not 
significantly  different  and  were  therefore 
pooled. 
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Figure  2:   MBH  LHBH  conceotraticDs  in  rats  treated  with 

morphine  or  T  at  the  time  of  castration  or  two 
weeks  after  castration 

Short-term  castration  =  treatment  started 
immediately  after  orchidectcay.   Icng-tera 
castration  =  treatment  started  two  weeks  post- 
castration,  ♦  p  denotes  <  0.05  vs.  control.  «EH 
LHBH  concentrations  among  the  control  groups  were 
not  significantly  different  and  were  therefore 
pooled. 
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lhe_Effects_of _ChjcgDic  Mqrphice  Treatment  on  the  LB 
Secretory _and  MBH  IBHH  Responses  to  Graded_Ecses  of  I , 

Figure  3  illustrates  serun  T  levels  attained  from  various 
sized  implants  in  rats  castrated  fcr  two  weeks  treated 
additionally  Kith  either  morphine   or  placebo  pellets.   Lew 
serum  levels  of  T  (<100  pg/ml)   were  detected  in  morphine  or 
placebo- treated  rats  receiving  only  sham  implants.  There  was 
a  progressive  increase  in  serum  T   levels  as  the  size  cf  the 
imflant  increased   in  both   morphine  and   placebo-treated 
groups  (p  <  0.05).  Chronic  morphine  treatment  did  not  affect 
serum  T   levels  attained  by  any  of  these  implants  when 
compared  to  placebo-treated  groups. 

Serum  LB  concentrations  in  rats  treated  with  mcrphine  or 
placebo  pellets  in  combination  with  graded  doses  of  T  are 
also  shown  in   Figure  3.   In  placebo- treated   rats,   lew 
circulating  levels  cf  T  (355  ±   20  pg/ml,   2.5  mm  implant) 
caused  a  slight  but  nonsignificant  increase  in  serum  LH. 
Further  increases  in  serum  T  levels  produced  a  decrease  in 
serum  LH   secretion,   with  significant  suppression   of  LB 
levels  seen  at  1.18  ±  0«C7  ng/ml   of  T  (10  ■•  implant).   As 
observed  in  Experiment  1 ,   morphine  treatment  alone  did  not 
significantly  change  serum  LH  levels  in  castrated  male  rats. 
However,   it  influenced  the  LH  response  to  T  treatment.   In 
rats  treated  with  bcth  morphine  and  T,  the  LB  response  curve 
to  T   shifted  to  the  left  such  that  a  50>   suppression  of 
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seruffl  LH  was  observed  with  the   2.5  mm   1   implant  aud  nearly 
coBplete  suppression  of  serum   IB  was  seen   with  5  bib  T 
inplants. 

To  further  evaluate  the   interaction  between  oorphine  and 
T,   the  data  from  this  experinent  were  grouped  according  to 
different   levels  (Figure  4) : 

1.  less  than  199  pg/al,  representing  ineffective 
iaplants,  or  T  levels  found  in  shaB-inplanted 
(castrated)  animals; 

2.  between  200   and  499  pg/al,   representing   T  levels 
which  have  no  effect  on  Ifl  or  IHBfl  concentrations; 

3.  between  500   and  9S9  pg/al,   representing   I  levels 
which  stimulate  IHBH  accuaulaticn  in  the  MEH  tut  have 
little  effect  on  LH  secretion;  and 

4.  greater  than  1000  pg/al,   representing  T  levels  which 
consistently  suppress  LH  secretion  (E.    Kalra  and 
Kalra,  1982). 

As  evident  in  both  placebo  and  morphine- treated  rats,   IH 
levels  declined   progressively  as  a   function  of   serum  I 
levels.  However  the  T-induced  reduction  of  Lfl  concentrations 
was  greatly  enhanced   in  morphine-treated  rats  (p   <  0.05). 
The  LH  response  curve  to  graded  doses  of  T   was  shifted  to 
the  left   in  morphine-treated  rats  with   maximal  inhibition 
occuring  at  622  ±   44  pg/ml.   In  some   of  these  morphine- 
treated  rats,   near   baseline  LH  levels  were  found  with  T 
concentrations  as  low  as  420  pg/ml  serum.  In  contrast.   tut 
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in  agreeaent  with   previous  studies  (P.   Kalra  and  Kalra, 
1982),  significant  depression  of  serum  LH  concentrations  was 
only  apparent   with  T  concentrations  of  greater  than  600 
pg/jnl.    Serum  T  concentrations  necessary   tc  elicit  a  501f 
reduction  in  LH  secretion  were  300  pg/ml  in  aorphine-treated 
rats  and  960  pg/al  in  placebo-treated  rats. 

The  data   from  Experiaent  2   were  further  subjected  to 
regression  analysis  using   the   logaritha   cf  serum   IH 
concentration  as  a  dependent  variable,   placebo  or  mcrphine 
treatment  as  an  independent  variable  and  the   logaritha  cf 
serua  T   concentration  as  a  covariant.     The  resultant 
regression  model  was  found  to  be  highly   significant  (p  < 
O.COl)  as  were  the  drug  treatment  (placebo  or  morphine  ),   T 
treatment,  and  the  interaction  of  drug  with  T  (p  <  0,01,  for 
each) . 

The  effects  of  simultaneous  T  plus  chrcnic  morphine 
treatment  on  LHBH   concentrations  in  the  MBH  are  shewn  in 
Figure  5.   In  placebo-implanted  rats,  1  exposure  for  ^4  days 
resulted  in  an  accuaulaticn  cf  IHBH  in  the  HBfl  (p  <  0.05). 
as  has  been  noted  previously,   this  accumulation  of  IBBH  in 
the  HBO   occured  at  T  levels  lower  than  that   required  tc 
inhibit  LH  secretion  (5  am  T  implants.   Figure  5  vs.   10  aa 
iaplants.  Figure  H;    P.  Kalra  and  Kalra,  1982).   It  can  also 
been  seen  from  Figure  5  that  in  the  presence  of  morphine,   T 
was  unable  to  cause  any  significant  increases  in  LHRE  stores 
in  the  HEH. 
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Figure  3:  The  effects  of  graded  doses  of  T  produced  by 

various  sizes  of  T  implants  on  serum  T  and  IH  in 
morphine-treated  and  placebc-treated  male  cats 
castrated  foe  two  ueeks 


The  vertical  and  hcrizcntal  tars  represent  Bean  ± 
standard  error  for  serum  LH  and  T  concentrations, 
respectively.  Numbers  in  parentheses  represent 
the  number  of  rats  in  each  treatment  group,  ♦ 
denotes  p  <  0.01  vs.  sham-implanted  control 
group;  the  dagger  symbol  denotes  p  <  0,05  vs. 
placebo-implanted  group  at  the  same  dose  of  T. 
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Pigure   4:      fielationship   between  LH   and   T    levels   in  iacrfhine- 
treated  and   placebo-treated   aale   rats   castrated 
tor    two   weeks 
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Figure  5:   The  effects  of  various  sized  T  implants  on  MBE 

LHRH  concentrations  ir  morphine-treated  and 

placebo-treated  male  rats  castrated  for  two 
weeks. 

LHRH  concentrations  were  determined  per  HBH 
tissue  section  and  expressed  relative  tc  shaa- 
iapianted  MBH  IHBfl  (control)  concentrations.  ♦ 
denotes  p  <  0. 05  vs.  shaa-iaplanted  grcup. 
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flfects^f_T_aiid_Morihin€_Triata€nt  en  the  Pituitary 
le-££CD£iveDess  to  LHBH  ■" 

Testosterone  levels  achieved   by  the  5  db   implants  were 
similar  in  placebo  and   norphine-treated  rats.   Once  again 
this  T  treatment  failed  to  reduce  serum  LH  concentrations  in 
placebo  treated  rats  but  together  with  morphine  pellets 
reduced  serum  LH  concentrations  to  taseline  levels  (Table  1, 
legend,  f  <  0.05) 

The  effects  of  the  in  vivo  T  or  motphice  plus  T  treatment 
on  the  in  vitro  release  of  LH  frc.  pituitary  incubations  are 
also  shown  in  Table  1.    Incubation  cf  pituitaries  fcr  one 
hour  with   1  I  10-7   M.   i.HgH  significantly   increased  LH 
concentrations  to  levels  above  that   seen  in  control  medium 
(P  <  0.05).   However,  neither  T  cr  morphine  plus  T  treatment 
in  vivo  significantly  altered  the  baseline  or  the  LEEE 
stimulated  levels  of  IH  release. 
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TABLE  1 


Effects  of  In  Vxvo  "lorphine  and  T  Pretreata€nt  on  In  Vitro 
LH  Release  fron  Heaisectioned  Fituitaries  (IH  release  rate: 
ng/ag  pituitary  tissue/  hour) 


In  vitro  in  vivo  treataent 


treatment         Control       i  Morphine  +  T 


*^°°^^°1  1.583  ±  313      957  ±   51    1,393  ±  166 

1  X  10-7  M.  LHRH    3,930  ±  555    3,682  ±  275    4,588  ±  285 
delta-LH  2,346  ±  666    2,612  ±  362    3,194  ±  425 


Serum  I  levels  achieved  by  the  5  aa  T  iBplanti~wiri~68  3~i"89 
ng/ml  for  morphine-iaplanted  and  636  ±  73  pg/al  for 
placebo-treated  rats.  Serum  IH  concentrations  were 
225  ±  33  ng/ai  in  castrated  (placebo  plus  shan  treated)  rats, 
227  ±  61  ng/Bl  in  5  amT  iaplanted  rats,  and  16  ±  1  ng/ml  in 
5  aa  I  plus  aorphine  treated  rats. 


Discussion 
These  studies  reveal  a  putative   underlying  interaction 
between  opiates  and  T  on  Lfl  release.   As  in  the  case  cf  T 
iaplants,   placement  of  aorphine  pellets  iaaediately  after 
castration  prevented  the  post-castration  rise  in   serua  IH 
and  the  decline  in  IHBH  concentrations.    This  extends  the 
observations  of  previous  studies  (Cicero  et  al. ,  1980;   Van 
¥ugt  et  al.,  1982).   However,   in  contrast  to  the  expected 
suppression   of   LH   release  and  stiaulaticn   cf   LEBE 
concentrations  in  the  HBH  after  I  iaplantaticn,   IH  and  its 
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releasing  factor   were  unaffected   by  morphine   treatment 
initiated  two  weeks  after  castration.   Appaiantly,   cpiate 
receptor  stiaulation  does  not  Biaiic  the   actions  of  I  on  the 
hypothalaaic-pituitary-LH  axis   under  all  circumstances  as 
has  been  suggested  (Cicero  et  al.,   1980;   Van  Vugt  et  al., 
1982). 

The  inability  of  morphine  pellets  to  suppress  IH  release 
in  rats  which  had  been  castrated  for  two  weeks  is  surprising 
in  view  of  the  observation   that  adainistraticn  of  acrphine 
or  opioids  systeaically  or  ECF  intraventricularly  promptly 
suppressed  LH  release  in  gonadectcaized  rats  (Cicero  et  al. , 
1980;  Kinoshita  et  al . ,  1981;  leadea  and  Kalra;  1S83).    It 
is  quite  possible  that  a  siailar  decrease  in  LH  release  may 
occur  soon  after  acrphine  pellets  are  placed   in  two-week 
castrated  rats.    Accordingly  then,  this  LH  suppression  must 
be  transient  because  with  sustained  supply  of  morphine  these 
rats  appear  to  overcome  the   inhibition  and   LH  secretion 
seemingly  occured  unatated  U  to  7  days  later.  Shile  this  may 
be   a  plausible  explanation  for  the  absence  of  LH  suppression 
in  long-term  castrated  rats,  it  should  be  noted  that  acutely 
orchidectomized  rats  were  unable  to   override  the  effects  of 
sustained  morphine  supply.   Ihis  and   previous  reports  of  a 
differential  LH  response  to   opioid  administration  which  is 
dependent  upon   the  post-castraticn  interval   is  intriguing 
(Cicero  et  al.  ,  1982a;   Bhanot  and  Wilkinson,   1983).   The 
ability  of   testosterone  to  inhibit  LH   release  diminishes 
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with  tiae  after  castration  (Cicero  et  al.,  1982a).  It  is 
possible  that  similar  mechanisis  nay  underlie  the  loss  in 
effectiveness  of  both  androgens  and  cficids. 

In  addition  to  the  findings   that  in  long-term  castrated 
rats  morphine  is  either  ineffective  cr  its  suppressive 
effects  dissipate  rapidly,  the  action  of  morphine  appears  to 
manifest  itself  in  a  different  form.    Ihis  is  shewn  bj  the 
observation  that  low  concentraticns  of  T,   while  failing  to 
exert  any  impact  on  LH  release   en  their  cwn,   were  highly 
effective  in   suppressing  LH  release  in  morphine-treated 
rats.  The  LH  response  curve  to  graded  dcses  of  1    was  shifted 
to  the  left  (Figures  3  and  4)   in  morphine-treated  rats  nith 
maximal  inhibition  cccuring  at  T   concentraticns  cf  622  i  U4 
pg/ml  serum.  In  some  morphine-treated  rats,  near  baseline  LH 
levels  were  seen  with  I  concentrations  as  low  as  42C  pg/ml. 
Furthermore,   it   appears  that  serum   1  levels   needed  tc 
achieve  a  50*  reduction  in  serum   IH  levels  were  three  times 
lower  in  morphine-treated  rats  than  ic  ccntrcl  rats. 

Evidently  morphine  treatment  concurrently  with  T  tendered 
rats  more  responsive  towards  T  feedback  action.   T  has  been 
shown  to  decrease  pituitary   resfcnsiveness  tc  LHEH  (Drouin 
and  Labrie,  1976;  P.  Kalra  and  Kalra,  1980).   It  is  pcssifcle 
that  morphine  may   interact  synergistically  with  T  at  the 
level  of  gonadotropes  to  suppress  pituitary  responsiveness 
to  endogenous  LHRH  stimulation  and   thereby  produce  a  irarked 
decrease  in  serum  LH  levels.   However,  as  shown  by  the  dose 
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employed  in  the  Experiaent  3  and  previcus  studies  (Cicerc  et 
al.,  1977;   Hiesner  et  al.,  ^S8^)  ,    there  was  no  evidence  of 
modification  by  morphine  of  IflHH  action  at  the  pituitary 
level.   Thus,   one  can  assume  that  norphine  acts  at  higher 
centers,  possibly  at  the  preoptico-tuberal  pathway  where  the 
distribution  of  androgen  concentrating,   EOF,  and  IHfiH- 
producing  neurons  and  opiate  receptors  overlap   (Sarr  and 
Stumpf,  1975;  Satson  et  al. ,  198C;  S.   Kalra,  1981;  Shivers 
et  al.,  1983b) . 

Precisely  how  T  and  chronic   morphine  interact  to  inhibit 
Lfl  secretion  is  not  known.    The  apparent  inability  of 
morphine   to  reduce   IH  secretion  after  two  weeks  of 
castration  would  suggest  a  T   reguirement  for  this  effect  of 
morphine.    it  is  possible   that  after  continuous  morphine 
exposure,   neuronal  systems  regulating  LHRH  release  aay  be 
more  responsive  to  I,   so  that  extremely  low  serum  T  titers 
can  suppress  LH  release.   Considering  the  ability  of  chronic 
morphine  to  block  the  accumulation  of  LHBB  in  the  MBK 
following   exposure,   it  is  possible  that  chronic  mcrphine 
suppressed  the  activity  of  the   IHBH  neuron  at  several  steps 
in  the  secretory  process. 

While  the   IHHH  neuron   nay  be  a   likely  site   for  the 
interaction  between  T  and  morphine,   ether  explanations  are 
possible.    Earlier  work  has  suggested  that  gonadal  steroids 
may  modify  brain  opiate  receptors  but  this  pcssibility  has 
been  disputed  (Hahn  and  Fishman,   1979;   Cicero   et  al.. 


75 

1983a).   The   possibility  remains,   however,   that  the 
intracellular  processing  of  the   opioid  signal  reguires  the 
presence  of  androgens.    Also  other  neurotransaitters,  such 
as  NE,   have  been  shown  to  interact  with   the  opiates  in 
effecting  LH  secretion  (S.  Kalra  and  Slopkins,  1981).    ihe 
potential  involveaent  of  moncaaines  in  mediating  the 
interaction  between  aorphine  and  T   will  be  explored  in  the 
following  chapter. 


CHAPTER  V 
THE  INFLUENCE  OF  CHEONIC  ROHEHINB  TBEATKENT  ON  THE  NEGATIVE 
FEEDEACK  EBGULATICN  CF  GONADCIfiCPIN  SECBEIICN  BY    GCNADAI 

STEBCIDS 


Introduction 

The  negative  feedisack  effects  of  testicular  hormones  on 
gonadotropin  secretion  appear  to  fce   exerted  at  the  level  of 
the  hypothalaaus  and  the  pituitary  (Drouin  and  Latrie,  1S76; 
Franchiaont  at  al.,  1979;  S.  Kalra  and  Kalra,  1983).   In  the 
■ale  rat,  three  major  gonadal  steroids,  1,      DHT  and  E2  have 
been  iiplicated  in  the  feedback  regulation  of  LH  secretion, 
and  to  a  lesser  extent,  FSH  secretion  (P.   Kalra  and  Kalra, 
1980;  D'Agata  et  al. ,  1981;  Sherins  et  al. ,  1982;   McCann  et 
al-,  1983;  Nishihara  and  Takahashi,  1983).   ihile  E2  and  CHT 
can  be  formed  intracellularly  froa   I  in  many  neuroendocrine 
tissues,   all  three  of  these  gonadal  steroids  are  present  in 
the  circulation  in  sufficient  concentrations  to  influence  LH 
secretion  (flassa  et  al. ,  1972;   Kaftolin  et  al.,  1975;   P. 
Kalra  and   alra,  1977,  1980,  1981,  1982). 

While  the   neuroendocrine  substrates  which   mediate  the 
feedback  effects  of  steroids  on   gonadotropin  are  not  known, 
it  is  interesting  that   a  close   anatoaical  relationship 
exists  between  steroid  concentrating,   LHBE   and   EOP- 
containing  neurons  (HcEwen  et  al.,    1979;   Hatson  et  al. , 
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1980;  Shivers  et  al.,  1983b),  ECP  neuronal  systems   have  been 
i.Flicated  in  the  central  regulation  of  LH  secretion,   and  a 
considerable  aaount  of  pharmacologic   evidence  suggests  that 
EOP  play  a  role  in   modulating  the  negative  feedback  effects 
of  gonadal  steroids  on  LH  release  in  the   male  (Cicero  €t 
al.,  1980;  Van  Vugt  et  al.,  1982).    As   was  seen  in  Chapter 
IV,  chronic  opiate  receptor  stimulation  with  morphine,  while 
ineffective  in  inhibiting  LH  release  en  its  cisn,  enhanced  by 
3-fold  the  negative  feedback  effects  cf  1.  ihe  present  study 
extends  these  observations  by  comparing  the  effects  on  LH 
and  PSH  secretion   cf  T,   dht  and  E2  in   male  rats  treated 
chronically  with  morphine, 

Si?-B§£ije£tal 
yiEonic_Mor£hine_and_Gonadal_Stercid_^jCMtm6^ 

Groups  of  placebo  or  mcrfhine-treated  rats   were 
simultaneously  exposed  to  either  sham  implants  or  one  cf  the 
three  gonadal  steroids  at   various  dosages.   »11  treatments 
lasted  for  H   days,   after   which  animals  were  sacrificed  by 
decapitation  between  1100  h  and   1300  h.   Serum  from  trunk 
blood  was  stored  at  -20o  c.   for  subsequent  analysis  cf  IH 
and  FSH  by  HIA.  The  steroid  treatments  were: 

1.  5  mm  tubes  packed  with  crystalline  T; 

2.  7.5  mm  tubes  packed  with  crystalline  CHT  or  DHT  which 
had  been  diluted  with  cholesterol  on  a  weight: weight 
ratio  of  1:1  or  1:3;  and 
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3,   E2  dissolved  into  sesane  seed   cil  at  a  concentration 
of  300  micrograms/Bl  and  filled   into  7.5  am  tubes  or 
£2  diluted   in  oil  to   concentrations  of  150   or  75 
aicrograas/Bl  and  then  placed  into  tubes  of  5.0  ed  in 
len  th. 

Evaluation  of  PituitarY_g€spgnsivenes£_to_LHjB 

Based  on  the  results  of   the  first  series  of  experiuents, 
groups  of  placebo  or  chronic   ocrphine  treated   cats  *ere 
siBultaneously  exposed  to  either  shaa,  5  la  1 ,    7,5  mo  DEI  or 
7.5  ma  E2  (300  aicrcgraas/al)  implants.   After  U  days  of  the 
above  treatments,   rats  then  received  a  single  injection  cf 
LHHH  (100  ng/100  g  B.H.,  s.c).   Blood  saaples  were  obtained 
by  cardiac  puncture  under  light  ether  anesthesia,   prior  to, 
and  30  minutes  after  LHRH  injection.    This  dose  of  LHBH  was 
based  on   earlier  work  (Lu   et  al.,   1980).     Serum  was 
separated  by  centrif ugation  and  stored  at  -20°  C.   for 
analysis  of  LU  by  filA. 

Results 
The   effects  of   simultaneous   morphine   plus   T 
administration  are  shown  in  Figure  6.   While  5  nm  T  implants 
alone  reduced  serum  LH  concentrations   by  greater  than  ^0%, 
this  effect  was  not  significant.   Chronic  morphine  treatsent 
alone  did  not  affect  serum   LH  levels  in   castrated  rats. 
However,  as  was  noted  in  Chapter  IV,  the  comtination  of  5  am 
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T  plus  aorphiae  treatment  reduced  serun  LH  ccDcentrations  by 

90X  to  levels  seen  in  intact  male  rats  (p  <  0.05;  P.   Kalra 

and  Kalra,  1977b)  . 

The  consequences  of  chronic  aorphine  exposure  on  seruit  IH 

and  FSH  levels  in  castrated  rats  coDcurrently  exposed  tc 
various  dosages  of  E2   are  shewn   in  Figures   7  and   8, 
respectively.   Chronic  morphine  did   not  alter   serum  L£ 
concentrations  in   animals   receiving   sham   implants. 
Similarly,  E2  treatment  alone  failed  tc  significantly  reduce 
LH  levels.    In  contrast,   the  ccabinaticn   cf  morphine 
treatment  plus  5  mm  E2  (150  micrograas/ml)  or  7.5  mm  12    f300 
■icrograms/ml  oil)    reduced  serum  LH  concentrations   (p  < 
0.05).   The  highest  E2  dosage  (7.5  am  at  30C  micrcgrams/ml) 
alone  produced  a   non-significant  25X   reduction  in  LH 
concentrations,   while  the  combination  of  morphine  plus  the 
same  E2  dosage  caused  a  greater   than  75X  reduction  in  serum 
Lfl  levels  p  <  0.05). 

A  significant  effect  of  chronic  morphine  on  the  response 
of  FSH  to  E2  mas  observed.   Although  E2  alone  did  not  reduce 
serum  FSH  concentrations  at  any  of  the  doses  evaluated,   the 
combination  of  7.5  mm  E2  (300  micrograas/Bl)   plus  mcrphine 
significantly  reduced  FSH   levels  by  3051  relative   to  shau- 
iaplanted  rats  and  18%  relative   to  placebo-treated  rats  at 
the  same  E2  dosage  (p  <  0.05)  . 

The  effects  of  chronic  aorphine  administration  on  the 
response  of   LH  and   FSH  to   various  dosages   of  DHT   in 
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Figure  6:  The  effects  of  sioultaneous  aorphine  and  5  an  T 
implants  on  LH  secretion  in  rats  which  had  teen 
orchidectoffiized    two   weeks   previously 

*   denotes   p  <0.05   conpared    to   shaa-iioplanted 
rats;    the   dagger   syabol   denotes   p   <   0.05    when 
coapared   to   placebc-iaplarted   rats. 
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Figure  7:   The  effects  of  simultaneous  treatnent  with 

JBorphine  and  various  doses  of  E2  on  LH  secretion 
in  rats  which  had  been  orchidectomized  two  weeks 
previously. 

E2  was  dissolved  in  oil  at  the  concentrations  in 
parenthesis  and  filled  into  tubes  cf  the  lengths 
noted  in  the  figure.  IH  was  determined  using  the 
LH-HP-2  reference  standard  and  expressed  relative 
to  LH-8P-1  (iH-fiP-1  =  61  X  Lfl-BP-2).  ♦  denotes  p 
<  0.05  vs.  shair-iaiplanted  rats;  the  dagger  syasbol 
denotes  p  <  0.05  vs.  placebo-iaplanted  rats  at 
the  same  E2  dose. 
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Figure  8:   The  effects  of  simultaneous  treatment  with 

morphine  and  various  dcses  cf  E2  en  FSH  secretion 
in  rats  khich  had  been  orchidectomized  twc  weeks 
previously 


E2  was  dissolved  into  oil  and  filled  into  tutes 
of  lengths  as  noted  in  the  figure.  ♦  denotes  p  < 
0.05  vs.  sham-implanted  rats;  the  dagger  symfccl 
denotes  p  <  0.05  vs.  placeto-implanted  rats  at 
the  same  £2  dose. 
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castrated  rats  are  shown  in  Figures  9  and  10,   respectively. 
As  previously  shown  in  Figures   6  and  7,   chronic  morphine 
treatment  was  without  effect   on  serujc  LH  levels   in  shaB- 
iaplanted  rats.   The  inplantation  of   DHT  alone  (7.5  ami  EHT 
crystals)   significantly  reduced  serum  IH  concentrations  ty 
6351,   while  the  contination  of  chronic  aorphine  plus  DHT  (at 
1:1)   or  7.5   mm  DHl  reduced  IH  levels  3931  and  83%.   The 
combination  of  morphine  plus  DHT   was  not  significantly  sore 
effective  in  inhibiting  LH  levels  than  DHT  alone  at  any  DHT 
dosage,   however.   Chronic  morphine   and  EHT  had  variable 
effects  on  FSH  levels.   Horphine   treatment  caused  a  slight 
elevation  (16^)   in  serum  FSB  in  sham-implanted  rats,   in 
contrast  to  similarly  exposed  animals  shewn  in  Figure  8, 
Treatment  with  DHT  alone  was   ineffective  in  inhititing  FSH 
at  any  dose  used;   however,   7,5  im  DHT  (at  1:1)   caused  a 
slight  increase  in  serum  FSH  levels  (931,  p  <  0.05).  Morphine 
treatment  with  7.5  mm  DHT  reduced  serum  FSH  levels  43X.  This 
reduction  in  serum  FSH  concentrations  was  significant 
relative  to  sham-implanted  rats  and  to  placebo-impanted  rats 
at  the  same  DHT  dosage. 

The  effects  of  combinations  of  chronic   morphine  plus 
steroid  treatments  en  the  in  vivo  LH  secretory  response  to 
LHBH  injection  are  shown  in  Table   2.   Prior   to  IHBH 
administration,  the  various  mcrphine  plus  steroid  treatments 
produced  similar  effects  en  LH  levels  as  was  seen  in  Figures 
6,  7  and  9,    Chronic  morphine  treatment  was  without  effect 
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Figure  9:   The  effects  of  simultaneous  treatment  with 

morphine  and  various  doses  cf  DHT  en  LH  secretion 
in  rats  thich  had  been  orchidectoitized  twc  veeks 
previously 


Crystalline  DHT  or  DHI  which  had  been  diluted  en 
a  weight: weight  basis  with  cholesterol  was  packed 
into  tubes  7.5  oo  in  lengths  as  ncted  in  the 
figure.  Serua  IH  was  determined  using  the  lE-BP-2 
reference  standard  and  expressed  relative  tc  IH- 
fiP-1.  (LH-RP-1  =  61  X  IH-flE-2) ,  ♦  denotes  p  < 
0.05  vs.  shaa-implanted  rats;  the  dagger  symbcl 
denotes  p  <  0.05  vs.   placebo-implanted  rats  at 
the  same  DHT  dcse. 
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Figure  10c 


The  effects  of  simultaneous  treatment  with 
morphine  and  various  doses  cf  DHI  on  FSH 
secretion  in  rats  which  had  been  castrated  two 
weeks  previously. 


Crystalline  DHT  or  DHT  which  had  been  diluted  on 
a  weight: weight  ratic  with  cholesterol  was 
packed  into  tubes  7,5  mm  in  length  as  noted  in 
the  figure.  *  denotes  p  <  C.05  vs.  sham- 
implanted  rats;  the  dagger  symbol  denotes  p  < 
0.05  vs.  placebo-implanted  rats  at  the  saae  CHT 
dose. 
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on  serua   LH  levels  in   sham-iniFlanted  rats  frior   tc  IHBH 
injection.   When  compared  to  shaii-iaplanted  rats,  5  am  T  was 
without  effect,  while  7.5  aa  E2  (300  aicrograas/al  oil)   and 
7.5  ma   DHT  reduced   serua  LH   levels  by  51%   and   693E, 
respectively  (p  <  0.05).   As  expected,   in  these  stercid- 
treated  rats,    opiate  receptor  stiaulation   with  aorthine 
further  reduced  LH  concentrations  prior  to  IHER  injection. 
However,   in   7.5  as  DHT  implanted  rats  this  additiocal 
reduction  was  not  significant. 

LHBH  injection  sUaulated  IH  release   in  all  8  treataent 
groups  (p    0.01).    when  coapared  tc   placebo  plus  shau! 
iaplanted  (castrate)  controls,   T  exposure  did  not  alter  the 
pituitary   response  to   the  decapeptide.    Additicnally, 
although  the   coabination  of  aorphine   plus  1      reduced  LH 
concentrations  before  IHEH  injection,   this  coabination  did 
not  alter  the  pituitary  response  to  LHBH.   In  rats  treated 
with   E2  aloue,   pituitary  responsiveness  to  LHBE  was 
increased  significantly.   Despite  a  reduction  in  IH 
concentrations  prior   to  IHBH  injection  in   aorphine  plus 
E2-iBplanted  rats,   the  LH  secretory   resjonse  tc  IHBH  lias 
further  enhanced.    Finally,   DBT  alone  diainished   the 
responsiveness  of  the  pituitary  tc  LHBH  and  this  reducticn 
in  sensitivity  was  not  aodified  by  aorphine  exposure. 
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TABLE  2 

The  Effects  of  LHHH  (100  ng/ICC  g  B.R.,  s.c.)  on  seruB  IH 
Levels  in  Castrated  Bats  Treated  Chronically  with  Morphine 

and/or  Gonadal  Steroids. 


Pre-LH8H      Post-LHBH     delta-LHBH 


LH  (ng/Bl  seruo) 


Placebo  -  Implanted  Group: 

Sham  Implant   832  ±  10S  2Ctl9  ±  122  1213  ±   67 

5  BIB  1        622  ±  176  1653  ±  298  1 1tJO  ±  323 

7.5  BO  E2     355  ±   79*  2110  ±  256  1732  ±  195i 

7.5  BB  DHT     253  ±  113*  1091  ±  197»  835  ±  146» 


Morphine  -  Implanted  Group: 

Shaa  laplant   683  ±  5U     2135  ±  176  1451  ±  183 

5  Em  T         162  ±   75»  2   1421  ±  134  1250  ±   91 

7.5  mm  E2      122  ±  18»  z   3281  ±  433*  2   3147  ^  4391  2 

7.5  BB  DHT     89  ±  IS*      965  ±  143»  854  ±  1 46 » 


E2  was  dissolved  in  oil  at  a  concentration  of  300  micrcgrams/al 
and  filled  into  tubes  7,5  bb  in  length.  LH  was  determined 
using  the  LH-fiP-2  reference  standard  and  expressed  relative 
to  LH-BP-1  (LH-BP-1  =  61  X  LH-BP-2) .  »  denotes  p  <  0.05  vs. 
sham-implanted  rats.  2  denotes  p  <  0.05  vs.  placebo-implanted 
rats  within  the  same  steroid  treatment  group. 
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Discussion 

The  results  of   the  present  study  confira  the  findings 
presented  in  Chapter  IV  that,   while  ineffective  on  its  own, 
chronic  aorphine   treataent  greatly  enhances   the  feedback 
inhibition  by   T  of  LH  secretion   in  rats  which   had  teen 
castrated  two  weeks  previously.  This  observation  is  extended 
by  the   finding  that  chronic   aorphine  also   enhances  the 
negative  feedback   effects  of   E2  and  DBT   on  LH   and  FSH 
secretion.   Since  stimulation  of  opiate  receptors  ty  ECE 
should   siailarly   affect  the  gcnadctrcfin  secretory 
■echanisB,  these  data  argue  for  a  aajcr   rcle  of   ECE- 
containing  neurons  in  regulating   the  sensitivity  of  the 
hypothalaaus  to  circulating  gonadal  steroids. 

Sheo  initiated  at  the  tiae  of  castration,   chronic 
aorphine  can  block   the  subsequent  rise  in  serua   LH 
concentrations  (Chapter  IV;  Cicero  et  al. ,  1980;  Van  Vugt  et 
al.,  1982).   However,   chronic  opiate  receptor  stimulaticn 
with  aorphine  is  unable  to  suppress  gonadotropin  levels  in 
rats  castrated  two  weeks  previously  (figures  1,  3,  *»,   and  6 
-  10),    This  castration-induced  loss   in  the   ability  cf 
opioids  to  inhibit  LH  secretion  cannot   be  satisfactorily 
explained  by  alterations  in  hypothalaiic   EOF  levels  (Lee  et 
al.,   1980)   or  the  uuaber  of  opioid  binding  sites  in  the 
brain  (Cicero  et  al,,   1983a),   Bather,   this  influence  of 
castration  on  the   response  of  LH  to  ECP   or  morphine  wculd 


89 
appear  to  result  from  a  synergistic  action  between  gonadal 
steroids  and  opioids   (Chapters  I¥  and  V;   Cicero  et  al., 
1982,  Ehanot  and  Wilkinson,  1983).    Since  icrphine  enhances 
the  negative  feedback  sensitivity  of  gonadal  steroids  cu 
gonadotropins,   the  effectiveness  of  morphine  in  suppressing 
IH  soon  after  castration  likely  results  froia  the  persistence 
of  gonadal  steroids  in  the  circulation,   or  the  gradual  less 
of  some  steroid-dependent  process. 

The  effects  of  norphine  on  gonadotropin  secretion  appear 
to  be  aediated  centrally,   since  tie  present  results  (lailes 
1  and  2)    and  in  vivo  and  in  vitro  studies  indicate  that 
morphine  and  EOP  do  not  act   at  the  pituitary  to  inhibit  IH 
secretion  (Cicero,   1980b;   Beisner   et  al. ,   1984).   m 
contrast,   it  is  well  documented  that  gonadal  steroids  can 
act  locally  at  the  gonadotropes   to  alter  their  sensitivity 
to  LHBH   (Drouin  and   Labrie,   1976).    At  the  dosages 
administered,   variable  effects  cf  T,   Dfli  and  E2  on  the  IH 
secretory  response  to  IHfiH  were  noted.   These  dosages  were 
chosen  because  they  had  little   effect  en  LH  secretion  when 
administered  alone,    but  decreased  LH  release   when 
administered  with  morphine.   The  5   mm  T  implant,   which 
provides  low   physiological  circulating  T  levels   cf  arcund 
70C  pg/ml  in  castrated  rats   (Chapter  IV;   Damassa  et  al. , 
1976;   P.   Kaira  et  al. ,   1982),   did  not  alter  pituitary 
responsiveness  to  LHBH.   T  has   teen  shown  to  decrease  the 
response  of  the  pituitary  to  IHBH,   but  at  much  higher  doses 
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than  were  employed  in  this  experiiiient  (Verjans  et  al.,  197^; 
P.   Kaira  and  Kalra.,  1980).   Thus  the  interaction  between 
aorphine  and  T  in  suppressing  Ifl  release  is  not  due  to  their 
individual  or  coabined  action  on  the  pituitary. 

Many  studies  suggest  that  DBT  is   acre  potent  on  a  solar 
basis  than  T  in  reducing  LH  secretion  (Tferjans  et  al. ,  1974; 
Hartini  et  al. ,   1979).   Ihis  is  in  part  due  to  a  direct 
action  on  gonadotropes  (Verjans  et  al.,   1974;  Verjans  and 
Eik-Nes,  1976,  1977).   The  less  draaatic  interaction  between 
DHI  and  morphine  in  reducing  le  secretion  aay  be  due  to  the 
overriding  effects  of  DHT   en  LHBB  sensitivity. 
Nevertheless,   the  coabined  effects  of  DAT  on  pituitary 
responsiveness  to  LEHH  and  its  interaction  with  opioids  in 
suppressing  LH  release,   likely  contribute  to  the  ability  of 
DHT  to  inhibit  LH  release  at  ccncentraticns  lower  than  the 
physiological  range  (  <  140  pg/nl;   Coyotupa  et  al. ,   1974; 
Saksena  et  al. ,  1978;  Saksena  and  Lau,  1979;   P.   Kalra  and 
Kalra,  1980). 

E2  treatment  increased  the  LH  secretory  response  to  LBBH, 
as  has  been  demonstrated  previously  (Verjans  and  Eik-Nes, 
1976;  P.  Kalra  and  Kalra;  1980).   Since  at  the  dosages  used, 
E2  alone  did  not  modify  serum  LH  levels,   the  alterations  in 
pituitary  responsiveness  are  likely   associated  with  reduced 
LHBH  release   from  the  hypothalaaus.   In  coabination  with 
aorphine,   E2  substantially  reduced  serum  LB  concentrations 
despite  a  marked  increase  in  the  ability  cf  the  pituitary  to 
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respond  to  LHRU,        Ihus,   under  siaultaneous  treatment  with 
this  steroid   and  acrphine,    release  cf   LHEH  f rem   the 
hyfothalaaus  must  be     decreased  to  an  extent  greater  than 
would  be   anticipated  on  the  tasis  cf  serum  IH  values  alcne. 
Ihe  doses  of  S2  administered   have  been  shown   to  produce 
serua  E2  levels  in  the  range  cf   15  tc  30  pg/il.   Since  E2 
levels   in  male  rats  have  been  variously   reported  tc  range 
from  10  to  50  pg/al  (Ewing  et  al.,   1977;   Sakseaa  et  al. , 
1978;  SaXsena  and  lau  1979;  Keel  and  Abney,  1980;  F.   Kalra 
and  Kalra  1981;   Nishihara  and  lakahashi,  1983),  alterations 
in  ECP  neuronal  activity   within  the   hypothalamus  could 
interact  with  circulating  E2   to  physiclogically  ucdify  IHBH 
release  from  the  MBH. 

The  effects  of  Lflfifl,   gonadal  steroids  and  opioids  en  FSH 
secretion  are,   in  general,   less  pronounced  than  their 
effects  en  LH  release  (Mahesh  et  al.,  1975;   Sherins  et  al., 
1982;   ncCann  et  al.,  1983).    Similarly,  the  present  data 
show  that  the  gonadal  steroid-cpioid  interaction  is  less 
effective  in  suppressing  FSH  relative  tc  LH  release.  Factors 
other  than  LHfiH  and  gonadal  steroids  are  operative  in  the 
regulation  of   FSH  secretion  (Steinberger  and  Steinfcerger, 
1976;  McCann  et  al.,  1983;  Mizunuaa  et  al.,  1983,  Lumpkin  et 
al.,   1964) .    This   may  have  contributed  tc   the  present 
failure   to  document   a   synergistic  interaction   between 
gonadal  steroids  and  morphine  in  suppressing  FSH  secretion. 
This  relative  refractoriness  cf   the  FSH  secretory  mechanism 


92 

to  ciironic  morphine  with  or  without  concurrent  gonadal 
steroid  treatment,   is  consistent  with  previous  experinents 
which  have  used  acute  exposure  to  opiates   (Eruni  et  al., 
1977;  Delitaiia  et  al.,  1981;  Grcssaac  et  al.,  1981;  Hemming 
et  al.,  1982)  .). 

All  thr  e   of  the  gonadal   steioids  evaluated   could  te 
involved  in  the  regulation  oi   LH  secretion  (P.   Kalra  and 
Kalra,  1980,  1981,  1982;  Nishihara  and  Takahashi,  1983).   E2 
appeared  to  interact  lost  potently   with  lorphine  to  inhibit 
LH  release.   In  contrast,   DHT  did  not  show  a  substantial 
interaction  with  morphine  and  appeared  to  exert  its  primary 
effect  directly  on  the  pituitary  gland.   This  existance  of  a 
hypothalamic  feedback  modulator  fcr  E2,  in  preference  to 
DHI,   argues  in  favor  of  the  aromatization   of  T  to  E2  or  a 
direct  effect  of  circulating  E2   on  the  hypothalaaus  as  the 
major  steroid  feedback  oechanisa  regulating  IHRH  release  in 
the  male  rat.    Additionally,   a  direct  pituitary  effect  of 
DHT  to  suppress  LHBH   responsiveness  could  further  diminish 
LH  secretion.   Thus,  T,  E2,   and  DHT  may  act  in  concert  at 
separate  sites  to  achieve  basal  serum  IB  levels  seen  in  male 
rats. 

The  major  finding  of  the   present  chapter  is  that  chronic 
morphine  treatment  may  simulate  the  effects  of  activation  of 
opioid  receptors  by   EOP  and  hence  indicate   a  mechanism  by 
which  EOP  can  interact  with   gonadal  steroids  to  regulate  LH 
release.   The  low,   physiological  levels  achieved  by  these 
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inplants  (P.   Kalca  and  Kalra,  1980,  1981,  1S82),  indicates 
that  such  an   interaction  may  be  an   iipcrtant  mechanisn  hy 
which  the  sensitivity   of  the  hyECthalamus  to   steroids  is 
regulated.   It  is  of  interest  that,   in  the  rat,   stercid 
hormones  can  alter  teta-endorphin  concentrations  (Kardla*  et 
al.,  1S82),  and  in  the  monkey,  the  release  of  ECP  is  clearly 
steroid  dependent   (Ferin  et  al.  ,   198a)  .    By  modifying 
activity  in  one  or  more   EOF  neuronal   systems,   stercid 
hormones  could  alter  the  sensitivity   of  the  hypothalamus  to 
their  own  negative  feedback  effects. 


CHAPIER  T>I 
TBE  IFFECIS  OF  CHfiCNIC  FCfiPHIKE  AND  lESTOSTiEONE  TSEAIWENT 
ON  CATECHOLAMINE  ANE  INDOLAHINE  METABOLISM  AND  GO  SADdBCEIK 

SECSEIION  IS  PALE  EITS 


lot  rod  uc  t.io  p 
The  release  of  the  gonadotropins,  LB  and  FSB,   appears  to 
be  under  the  primary  stinulatory  influence  cf  LBHE  and 
possibly  a  distinct  FSH  releasing  factor  (S.   Kalra  and 
Kalra,  1983;   McCann  et  al.  ,   1983).    In  the  male,   the 
feedback  actions  of  gonadal  steroids  ncdulate  the  release  of 
LHHH  froB  the  hypothalamus,   as  well  as  the  response  of  the 
pituitary  to  LHEH  (Erouin  and  Lafcrie,  1976;   s.   Kalra  and 
Kalra,   1983)  .     ihe  elucidation   of  the   neurochemical 
substrates  responsible  fcr  LHBH  output  from  the  hyp othalaisus 
and  the  negative  feedback  effects  of  gonadal  steroids  has 
been  a  subject  of  investigation   for  several  decades.   Two 
neuronal  systems  which  appear  to   be  intimately  involved  in 
the  release  of  LHBH  are  the  catecholamines  (P.  Kalra  et  al., 
1972)  and  the  EOP-ccntaining  neurons  (Meites  et  al. ,   1979; 
Cicero,  1980b;   S.   Kalra  et  al.,   198C).    Both  cf  these 
neuronal  systems  have  been  implicated   in  the  regulation  cf 
gonadal  steroid  feedback  in  the  male  (Cicerc  et  al.,   1980; 
fan  Vugt  et  al.,   1982).    As  was  seen  in  the  previous  two 
chapters,   chronic   morphine  treatment,   while   unable  to 
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inhibit  LH  secretioE  en  its  oun,   enhances  the  ability  of  T 
to  inhibit  LH  release  in   rats  castrated  for   two  weeJcs. 
Several  studies   indicate  that   the  opiates   interact  with 
catecholamines   and  indolaaines   to   effect  IH   secretion 
(Rotsztejn  et  al. ,  1978;  leiri  et  al. .  1980a;  S.   Kalra  and 
Sinpkins,  1981).    In  this  chapter  the  Betabclism  of  CA,  K£ 
and  SHI  was  evaluated  in  castrated  Bale  rats  treated  with 
morphine  and  T. 

Experinental 
Male  rats  which  had  been  castrated  two  weeks  previously 
were  treated  with  chronic  aorphine  and  I  as  described  in  the 
General  Materials  and  Methods  section  of  this  dissertation. 
The  treatiaent   groups  were:   shaa  plus   placebo  treatment 
(castrated  rats),  5  am  T,  chronic  a,    or  morphine  plus  5  mm  T 
treatments.   For  comparison,  an  additional  group  of  gonadal 
intact  rats  and  castrated  rats  receiving  replacement  levels 
of  T  (30  ma  T  implants,  approximately  2  ng/irl.   Chapter  IV) 
were  given  shaa  plus  placebo  treatments.    ill  treatments 
lasted  for  H    days,   after  which  bleed  was  collected  by 
decapitation  for  LH  and  FSH  analysis  by  BIA  and  brain  tissue 
containing  the  MBH  and  POA-AH  tissue  fragments  were  analyzed 
for  catecholamines,   indolamines  and   their  metabolites  as 
described  in  General  Materials  and  Methods. 
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He salts 
Serum  IH  and  FSH 

Tae  effects  of  ccntrol,  5  am   I,   acrfiiine  cr  5  bb  T  plus 
aorphine  treatment  en  LH  secreticn  arc  presented  in  Figure 
11.   Analysis  of  variance  revealed  a  significant  effect  of 
both  morphine  and  5  mm  T  treatment  (p  <  0.05)   as  well  as  a 
highly  significant  effect   of  morphine  plus  1   treatment  (p 
<0,01) .   Morphine  treatment  alone   was  without  effect  when 
compared  to  castrated  rats  (shaB  plus  placebo  treatment), 
while  5  fflffl  T  treatment  resulted  in  a  slight,   nonsignificant 
lowering  of  LH  levels.  The  ccmfcinaticn  cf  morphine  plus  5  mm 
T   resulted  in  a   65%  reduction  in   serum  LB      levels  when 
compared  to  castrated  rats  (p  <  0.05).  Although  treatment  of 
castrated  rats  with  the  morphine  and  5  mm  T  implants  did  not 
return  LH  levels  to  those  found  in  gonadal  intact  animals, 
treatment  with  30  mc  T  implants   alcne  resulted  in  LH  levels 
lower  than  those  found  in  intact  male  rats  (figure  legend,  p 
<0.05)  . 

Serum  from  the  same  samples   were  assayed  for  FSH,   the 
results  of  which  are  depicted  in  Figure  12.   Both  morphine 
and  5  mm  T,   when  administered  alone  were  ineffective  in 
altering  serum  FSH  concentrations  in  comparison  to  castrated 
male  rats  (sham  plus  placebo  treatment).   The  comtination  cf 
5  BIB   I  with  morphine  reduced   FSH  levels  3951   compared  tc 
castrated  rats  (p  <  0,05).    Bhile  FSH  levels  in  castrated 
rats  receiving   5  mm  T  plus  morphine  implants  or  30   mm  I 
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Figure  11;   Interaction  ietween  norphice  and  T  en  IH 

secretion  in  rats  which  were  orchidectomized  two 
weeks  previously. 

LH  concentrations  in  castrated  rats  receiving   5 
IBB  T  plus  morphine  treatment  were  significantly 
greater  than  levels  seen  in  castrated  rats 
receiving  30  mm  T  implants  (58  ±   2.6  ng/al)  cr 
in  gonadal  intact  rats  (78  ±   H.e   ng/ml),   IH 
values  were  deterained  using  the  lH-BP-2 
reference  preparation  and  were  expressed 
relative  to  the   LH-BP-I  reference  standard  (IH- 
HP-1  =  61  X  IH-BE-2) .  ♦  denotes  p  <  0.05  vs. 
castrated  rats  receiving  shao  inplants. 
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treatment  were   similar,  both  groups  were  siynificantly 
elevated   when  coapared   to  gonadal   intact  rats   (figure 
legend)  . 
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5mm  T 


Figure  12: 


Interaction  ketween  acrphine  and  I  on  FSH 
secretion  in  rats  which  had  been  castrated  t«o 
weeks  previously. 


SeruB  FSH  concentrations  in  rats  receiving  5  mi 
T  plus  morphine  iaiplants  were  siiilar  to  FSH 
levels  in  30  mtt    1   implanted  rats  <15,7  ±  C.7 
ng/ml)  ,  but  both  grcups  were  significantly 
greater  than  FSH  levels  in  gonadal  intact  rats 
(8.4  ±  0.4   ng/al),  ♦  denotes  p  <  0.05  vs. 
castrated  rats  receiving  shan  implants. 
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liE  and  NME 

In  the  HBH   of  castrated  rats,   NE  concentrations  uere 
elevated  when  compared  to  gonadal  intact  Bale  rats  or 
castrated  rats  receiving  30  bb  I  iaplants  (Figure  13,   f  < 
0.05).   Ireataent  of  castrated  rats  with  5  bb  T  or  morphine 
alone  significantly   reduced  NE   concentrations.    The 
coBbinaticn  of  morphine  plus  Z,        while  reducing  NE  levels 
compared  to  castrated  rats,   did  cot  produce  any  additional 
reduction  in  NE  levels  than  T  or  morphine  alone.   There  were 
no  significant  differences  in  NME  levels  in  the  MEH  between 
any  of  the  treatment  groups. 

There  were  no  differences  in   KE  or  NHE  concentrations  in 
the  POA-AH  among  any  of  the  treatment  groups, 

EA  and  DOPAC 

In  the  HBH   of  castrated  rats,   DA   concentrations  were 
elevated  in  comparison  to  intact  male  rats  or  castrated  rats 
treated  with   30  mm  T  implants   (Figure  ^^,      p   <  0.C5). 
Castrated  male   rats  treated  with   5  db  T   alone  displayed 
reduced  DA  concentrations   in  the  MBH  (p  <   0.05) .   BEB  Eft 
levels  in  rats  receiving  morphine   alcne  cr  morphine  with  5 
■m  T  treatment   were  similar  to  DA  concentrations  in  rats 
given  5  mm  T  implants  alcne.     Morphine  cr  acrphine  plus  T 
treatment  groups  were  not  significantly  lower  than  castrated 
rats  given  control  implants. 
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Levels  of  DOPAC  in  the  MBH  «ere  also  increased  following 
castration  when  coapared  to  intact  rats  or  castrated  rats 
given  30  mm   T  treatment  (p  <   0,05).   While  both  5  mn  I  and 
■orphine  alone  reduced  DOPAC  levels  relative   to  castrated 
rats,   this  effect  was  only   significant  in  rats  given  the 
coohination  of  aorphine  and  5  am  I. 

Levels  of  DA  and  DCPAC  were  similarly   affected  in  the 
POA-AH.   Two  weeks  after  castration  DA  levels  were  increased 
relative  to  both  intact  rats  and   castrated  rats  given  3C  aa 
T  treatment,  while  DOPAC  levels  were  increased  when  ccapared 
to  intact  controls  (p  <  0,05) .    The  treatment  of  castrated 
rats  with  5  am  T  implants  did  not  reduce  DA  cr  DOPAC  levels 
significantly,   but  morphine  given   alcne  or  in  ccobinaticn 
with  5  OB  I  did  reduce   DA  levels  in  comparison  to  castrated 
rats. 

5HT  5HIAA  and  HVA 

There  were  no  significant  effects  of  any  treatment  en  the 
levels  of  5HT,   5HIAA,   or  HVA  in  either  the  HBH  or  POA-Afi 
(Table  3). 
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Figure  13: 


Concentrations  of  NE  and  HUE  in  the  MEB  and  EOA- 
AH  of  intact  rats  and  orchidectcnized  rats  given 
combinations  of  morphine  and  T. 

The  left-hand  scale  represents  HE 
concentrations,  while  the  right-hand  scale 
represents  NME  concentraticrs.  a  -  denotes  p  < 
0,05  vs.  intact  male  rats;  b  -  denotes  p  <  0.05 
vs.  castrated  rats  given  3C  am  1   implants;  c  - 
denotes  p  <  0,05  vs.  castrated  rats  given 
control  treatments. 
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Figure    lU: 


Concentrations  of   CA   and   DCPAC   in   the  MEH   and 
POA-AH   cf   intact   rats   and   orchidectonized    rats 
given   cciabinations  of   aorpbine   and  T 

The   left-hand  scale   represents   EA 
concentrations,    while   the   right-hand   scale, 
irhich   contains   a    treak,    depicts    CCPAC 
concentrations,    a   -   denotes   p  <   0.05   vs.    gonadal 
intact   sale   rats;    b  -   denotes   p   <   0.05    vs; 
castrated  rats  given    30   as   I   implants,    c   - 
denotes  p   <   0,05    vs.      castrated   rats   given 
control   implants. 
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TABLE  3 


'^^%Hf  ^«Tf»°^  Gonadal  Steroids  and  Morphine  Treatment  en 
bdT  5HIAA  and  flVA  Concentrations  in  the  MEH  and  PCA. 


BBH  Begion: 


5HT  5HIAA  HVA 

(ng/ga   net   tissue   wt) 


Intact 

254  ±   2 

282  ±   3 

23  ±  4 

30  am  T 

256  ±  10 

274  ±   H 

28  ±  3 

Castrate 

252  ±   6 

275  ±  9 

26  ±  3 

5  BB  T 

255  ±     ^ 

289  1  2 

31  ±  3 

n. 

260  ±   7 

288  ±  6 

35  ±  3 

M.  ♦   SiBffl  T 

260  ±      5 

2e5  ±  5 

31  ±  4 

POA-AH  Segion; 


Intact 

252  ± 

5 

309  ±  9 

44  ±  5 

30  mm  T 

265  ± 

5 

309  ±  9 

43  ±  3 

Castrate 

271  ± 

7 

315  1  7 

47  ±  2 

5  BIB  I 

267  ± 

5 

314  ±   1 

43  ±  3 

H. 

268  ± 

6 

319  ±    5 

36  ±  6 

M.  ♦  5  BB  I 

261  ± 

5 

309  ±  2 

39  ±  8 

Castrated   rats    were   given  either   30   bb   I   iaplants,    5   imt   i 
iBFlants,   chronic   Borphine   alone    (M.)    cr   aorphine    plus   5   bid  T 
iBpiants    (I.e.    M.    ♦    5   ma    T) .    Gonadal   intact   and  castrated 
rats    were   gxven  shaB   plus  placebo  iaplants. 
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Discussion 
The  results  of   the  present  study  demonstrate   the 
existence  of  a  potent  interaction   between  aorphine  and  1    in 
the  inhibitory  feedlack  regulation  cf  gcnadctcopins.   Khile 
it  appears  that  both  aorphine  and  T  can  alter  catecholanine 
■etabolisffl,   an   interaction  between  the  androgen   and  the 
opiate   en  catecholaaine   metabolisn,    similar  to   that 
demonstrated  for  LH  and  FSH,  was  not  fcund.   On  its  own,  the 
5  fflffl  T  implant  does  not  alter  serum  LH  levels  (Figures  1,  3, 
4  and  6;  P.  Kalra  and  Kalra,  1982).   These  implants  provide 
circulating  T   levels  of  approximately   650  pg/ol   and  are 
effective  in  restoring   LHHH  concentrations  in  the   MBB  and 
median  eminence  to  levels  seen   in  intact  male  rats  (Figures 
3  and  5;  P.  Kalra  and  Kalra,  1982;  E.   Kalra  et  al.,  1S84). 
Continuous  morphine   exposure   dees   net   alter  LH 
concentrations  in  rats   which  were   castrated  two   weeks 
previously,    in  agreement   with  the   castration-induced 
attenuation  in  the   inhibitory  influence  cf  opiates  on  IH 
secretion  seen  in  the  present  work  and  in  previous  studies 
(Figures  1  and   2;   Cicero  et  al.,    1982a;   Bhanct  and 
Hilkinsoc,   1983).    As  noted  before,   while   each  are 
ineffective  on  their  own,  the  combination  of  morphine  plus  5 
mm  T  potently  inhibits  LH  release   (Figures  3,   6  and  11). 
This  effect  is  apparently  mediated  centrally  since  the 
effects  cf  morphine  cannot  be   attributed  to  changes  in  the 
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response  of  the   pituitary  to  IHEH  or  to  morphine-iDduced 
changes  in  T  netabolisB  (Figure  3;  Tatles  1  and  2;   Cicero, 
1980b;  iiesner  et  al.  ,  1984)  . 

The  present  study  also  demonstrates  that  the  interaction 
between   norphine  and  T  in   inhibiting   LH  release  is 
generalized  to  include  FSH   release.   This   extends  the 
findings   of   the   previous  chapter   that   acrphine   in 
coiibination  with   E2  or   DHT  can  reduce  fSH   levels  nore 
effectively  than  treataent  with  the  steroid  alone  (Figures  8 
and  10).   The  coabination  of  5  o.  T  and  Hi,    each  ineffective 
on  their  own,   reduced  FSH  to  levels  seen  in  castrated  rats 
given  30  nio  T  iaplants.   Morphine  and  lOP  acutely  inhibit  LH 
secretion  (Meites  et  al. ,  1979;   Cicero,  1980fc;   Leadei  and 
Kalra,  1983),  but  are  less  effective  in  reducing  FSH  release 
(Bruni  et  al.  ,  1977;  leiri  et  al.,  igeOa;   Celitalia  et  al. , 
1981;  Grossaan  et  al. ,  1981;  Heaaings  et  al. ,  1982).    since 
FSH  has  a  longer  half-life  in   plasaa  coapared  to  LH  (Cobel 
et  al.,    1969),   the  present  chronic   aorphine  treataent 
regiaen  aay  have  contributed  to  the  differecces  in  this 
study.   The  inability  of  30  au   T  iaplants  to  suppress  FSB 
levels  in  castrated  rats  to  levels  seen  in  gonadal  intact 
aniaals  indicates   that  physiclcgical   replaceaent  with   T 
(approxiaately  2  ng/al  serua)  is  not  sufficient  in  returning 
FSH  to  concentrations  to  basal  levels,   and  supports  the 
existence   of  other   gonadal  factors   which  regulate   FSE 
release  in  addition  to  T  (Steinberger  and  Steinberger,  1976; 
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Franchifflont  et  al. ,    1979).    it  is  not  certain  whetier 
treatment  with  Borphine  plus  higher  dcses  of  T  than  eniplcyed 
here  (eg.   15   mm  or  30  no  T)   would   further  reduce  FSH 
concentrations. 

Castration  produced  an  increase  in  NE  ccncentrations  and 
T  replaceiaent  produced  a  dose-related  decrease  in  NE  levels. 
Since  a  gonadal  steroid  reversible  increase  in  flBH  NE  levels 
after  gonadectoay  has  been  noted  in  soae   (Conoso  et  al. , 
1967)  but  not  all  studies  (Siapkins  et  al.,  1980),  it  is  not 
certain  that  this  change  in  KE  concentration  reflects  an 
increase  in  NE  turnover  often  noted  in   this  region  after 
castration  (Anton-lay  and  Surtaan,   1968;   SiapJcins  et  al., 
1980).    In  the  present  study,   SHE  concentrations  did  cot 
change  in  concert   *ith  NE,   suggesting  that   the  observed 
change  in  NE  concentrations  did  not  reflect  NE  release,   in 
this  respect  treatment   with  a  5  ■■  T  implant  or  morphine 
decreased  HBH  NE  concentration   without  altering  NME  levels, 
and  the  combination  of  5  am   T  with  morphine  did  not  further 
changes  NE  or  NME  levels.   Thus,  it  appears  likely  that  the 
interaction  between  gonadal  steroids  and  morphine   in 
inhibiting  LH  release  is  not   reflected  by  changes  in  KE 
■etabolisB.    Ihis  contrasts   with  experiaents   enplcying 
noradrenergic  acting  agents  which   suggest  that  the  effects 
of  opiates  on  LH  release  are  mediated   by  KE-containing 
neurons  (S.  Kalra  and  Simpkins,  1S81)  . 
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Interestingly,   dopaminergic  neurons  in  both  the  KBE  and 
POA-AH  appeared  to  te  stisalated   by  castration  since  levels 
of   both  DA  and  DOPAC   were  increased   two  week   after 
castration.   Further,  T  produced  a  dose-related  decrease  in 
both  CA  and  its  major  acid  metatclite.   The  effects  of  T  en 
the  incertohypothalaaic  DA  systejn  appears  to  be  inhibitory 
(SiiBpkins  et  al. ,   1980,    1983a).    However  the  reported 
effects  of  T   replacement  on  RBH  DA   aetabolisa  appears  to 
depend  on   the  specific  nuclear   regions  saofled   and  the 
■ethods  used  to  estiaate  DA   turnover  (fuxe  et  al.,   1S78; 
Siapkins  et  al.,  1983a).   Chronic  aorphine  treatment  reduced 
activity   in  incertohypothalaaic  DA   neurons   but   was 
ineffective  in  altering  CA  aetabolisa  in  the  MBH.   Also,  the 
combination  of  morphine  with  T  did  not  farther  reduce  DA  or 
its  metabolite  more  than  the  two  administered  alone.   Thus, 
the  interaction  between  aorphine  and  1   in  inhibiting  IH  and 
FSH  secretion  is   not  clearly  reflected  by  a  change  in  CA 
aetabolisa  or  activity.   Dsing  ether  aeans  of  evaluating  EA 
neuronal  systems  it  is  still   uncertain  whether  CA  mediates 
opioid  effects  on  LH  release   (Bctsztejn  et  al. ,   1978; 
Sirinathsinhji  and  Kartini,  1S8U). 

Of  the  three  neurotransmitters  evaluated,   5BT  was  the 
least  responsive  to  any   experimental  treatment.   Levels  of 
5U1   and  its  acid  metabolite,    5HIAA,   were  unaffected  ty 
castration,!   T  treatment,   cr  aorphine  alone  and  in 
combination  with  I.    Some  evidence  exists  for   a  role  of 
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serotonergic  neurons  in   the  control  c£  LH   release  and  in 
■ediating  opioid  effects  on   LH  release   (leiri  et   ai. , 
1980a).   The  present  investigation  argues  against  changes  in 
SHI  isetabolisa  as  a  stinulus  for  the  interaction  between 
aorphine  and  gonadal  steroids  in  inhibiting  gonadotropin 
release.    Similarly,  the  DA  aetabolite,  HVA,  was  unaffected 
by  the  experimental  treatments  in  this  study.  In  view  of  the 
marked  changes  in  CA  and  DCEAC  after  several  treatments 
noted  above,   it  would  appear  that   HVA  dees  not  serve  as  a 
sensitive  index  of  EA  neuronal  activity  or  aetatolisa. 

Collectively  these  studies  argue  against   a  role  fcr  CA, 
ME,   or   SHI  neuronal   systems  in   mediating  the   potent 
interaction   between  morphine  and  gonadal  steroids   in 
inhibitng  LH  and  FSH  secretion.   Presumably,   then,   this 
steroid  interaction  is  manifested  at  the  level  of  soae  other 
neuron,   such   as  the  LHSH   neuron  or  the   ZCE  containing 
neuron. 


CHAPTEB  VII 
MODULATION  OF  ENDOGENOUS  OPIOID  INFLUENCE  CN  LUIEIKIZING 
HCBMONE  SECRETION  BY  ESTBCGES  AND  PBCGESTEBONE 


Introduction 
Considerable  evideoce  indicates   that  EOP  containing 
neurons  nay  exert  an  inhibitory  influence  on  LHEH  neurons  in 
the  hypothalamus  (Meites  et  al. ,  1979;  Cicero,  19801);   S. 
Kalra  et  al.,   1980).    Among  the  most  persuasive  evidence 
suggesting  a  role  for  EOP  in  the  inhibition  cf  LH  secretion 
is  the  observation   that  the  blockade  of   opiate  receptors 
with  naloxone  stimulates  LH  secretion.    This  is  presumably 
due  to  preventing  an  ongoing  endogenous  opioid  inhibition  of 
LH  secretion.   Several  studies  suggest  that  the  influence  of 
EOP  on  LH  secretion  may  vary  considerably  during  various 
phases  of  reproduction  and  that   the  magnitude  cf  IH 
stimulation  after  naloxone  injection   may  accurately  reflect 
the  existing  suppressive  influence  of  EOP.    Ihile  effective 
in  increasing  serum  LH  levels  in  acyclic  prepubertal 
females,   naloxone  failed  to  stimulate   LH  release  in  adult 
cycling  rats  (Blank  et  al.,    1979) .    Such  an  observation 
suggests  that  EOP  are  not  operative  after  sexual  maturation 
in  the   female  rat,   in  contrast   to  the  adult  male  rat 
(Cicero,  1980b) .    In  addition,  estrogen  treatment  inhibited 
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in 

stifflulation  of  LH  release  by  naloxone  in  iianiature  fenale  and 
adult  ovariectomized  rats  (Blank  €t  al.,  1979;  Blank  et  al., 
1980),    More  recently,   estrogen  and  P  treatoent  have  teen 
shown   to  alter  EOF   levels   in  the   hypothalamus   and 
hypophysial  portal  plasaa,   and  there  is  evidence  for 
fluctuation  during  the  estrous  cycle   in  soie  opioid  peptide 
levels   in  the  hypothalaaus,    pituitary  and   systenic 
circulation  (Dupont  et  al.,   1980;   Barden  et  al. ,   1981a; 
Ishizuka  et  al.,  1982;  Knuth  et  al. ,  198U;   Lio  and  Funder, 
1984).    These  findings  indicate   that  ovarian  steroids  may 
modulate  the  influence  of  EOF  on  IHBH  neurons,   and  this  jtay 
constitute  a  aode  of  feedback  action  by  gonadal  steroids.  In 
the  present   study  the  potential   BCP  involveaent   in  the 
regulation  of  LH  secretion  during   the  rat  estrous  cycle  and 
in  ovariectomized  rats  pretreated  with  gonadal  steroids  was 
carefully  evaluated.    In  these  expericents  the  LH  response 
after  naloxone  treatment  served  as  an  indicator  of  potential 
ECf  influence  on  LH  secretion. 

Experimental 
These  studies  employed  normally  cycling  adult  female  rats 
or  rats  which  had  been  ovariectomized  for  two  weeks  before 
being  treated  with  EB  or  EB  plus  P. 
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ExEerlaejat  1 

This  experiaent  used  cycling  female  rats  and  conpared  the 
LH  response  after  naloxone  treatoent  during  the  rising  phase 
of  estrogen  secretion  (2000  h  on  diestrus  II),   at  the  tiae 
of  maximal  elevations  in  serum  estrogen  levels  (0800  fa  and 
1200  h  on   proestras)  ,   and  before  (14CC  h  en  proestrus)  , 
daring  (1600  h  and  1800  h  on  proestrus),   and  after  (0800  h 
and   moo  h  on  estrus)    the  preovulatory  IH   surge. 
Additionally,   the  LH  response  was  evaluated  during  the 
period  of  elevated  S   secretion  en  diestrus  I  (0800  h;   S. 
Kalra  and  Kalra,  1974a),   Bats  were  administered  naloxone  (2 
mg/kg  in  saline,    s,c.)   or  saline  (ccntrol)    at  these 
designated  times  and  killed  fay   decapitation  exactly  15  nin 
later.    Trunk  blood  was  collected,    and  serum  was  stored 
frozen  at  -20°  C,   for  subseguent  determination  of  LB 
concentrations  by  BIA,    The  dose   of  naloxone  employed  in 
this  and  subseguent  experiments  (2  mg/kg)   is  comparatle  to 
that  which  has  been  shown  to  elicit  near  maximal  IH  release 
in  male   rats  and   has  been   used  previously  to  evaluate 
naloxone-induced  LH  responses  in  adult  female  rats  (Eruni  et 
al.,  1977;  Blank  et  al, ,  1979;  Blank  et  al. ,  1980;   Cicero, 
1980b;  S.  Kalra  and  Simpkins,  1981). 
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Experiment  2 

In  this  experiffieot,  the  influence  of  EB  alone  cr  EE  and  P 
on  the  naloxone-induced  IB  response  was  analyzed.   Two  weeks 
after  ovariectomy,  rats  received  EB  (7.5  nicrcgrams,  in  cil, 
s.c,  at  1000  h) ,  Two  days  later,  they  were  divided  into  two 
groups.   One  group  received  nc  further  steroid  treatment  (EB 
group),   while  the  second  group  received  P  (5  mg  in  cil/rat, 
s.c.)   at  1000  h  (EBP  group).    The  EB-treated  rats  were 
further  subdivided  into  five   groups,   which  then  received 
either  saline  (control)  or  naloxone  (2  ag/kg,  s.c.)  en  day  2 
at  1000,  1200,  1U00,  1600,   or  2000  h.    Sinilarly,   EEP- 
treated  rats  were  further  subdivided  into  five  groups,  which 
then  received  naloxone  or  saline  on   day  2  at  1200,   I^IOO, 
1600,   1800,   or   2C00  h.    All  aniaals   were  killed  by 
decapitation  15  min  later,   and   serun  obtained  froa  trunk 
blood  was  analyzed  for  LH  levels  fcy  BIA. 

Experiaent  3 

In  this  study   the  influence  of  P   administration  on  the 
naloxone-induced  LH   response  on   proestrus  was   analyzed, 
Proestrous  rats  received  an  injection  cf  P  (5  mg/rat,   s.c.) 
at  09CO  h.   The  naloxone-induced  IB  response  in  these  rats 
was  examined  at  1400  h  and   160C  h  by  administering  naloxone 
(2  mg/kg,  s.c)   or  saline.    A  control  group  received  oil 
vehicle  instead  of   P  at  0900  h,   followed   fcy  naloxone  cr 
saline  at  1400  h.   Eats  were  decapitated  15  ain  later,  and 
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serum  from  trunk  blood  was  stored  frozen  for  later  analysis 
of  LH  by  BIA. 

Results 

JMgSts_of_NalojcoDe_AdaiDistraticD  During  the  Estrcus  Cycle 
gQ_i-H  Belease  ~ ' 

Naloxone  ad aiaistration  elicited  significant  increases  in 
serum  LH  levels  at  every  stage   of  the  estrous  cycle  studied 
(Figure  15  .    On  diestrus  II,   LH  levels  increased  ty  2  1151 
from  control  values  after  naloxone  injection  at  2000  t  <p  < 
0.05).    A  similar  magnitude  of  response  was  evident  the 
following  day  at  0800  h  and   12CC  h  and  just   before  the 
preovulatory  LH  release  at   UOO  h   en  proestrus.    in 
addition,  naloxone  was  effective  in  eliciting  significant  LH 
release  during   the  period  of  the  preovulatory   IK  surge. 
Serum  LH  levels  in  controls  at  16C0  h  and  1800  h  were  1615  ± 
386  and  1952  ±  381  ng/ml,  respectively,  whereas  in  naloxone- 
treated  rats,   they  were  4497  ±   767  and  3105  ±  460  ng/ml, 
respectively,  at  those  times  (p  <  0.05).  After  the  IH  surge 
on  proestrus,    naloxone  injection  also  elicited   a  5-fold 
increase  in  LH  at  0800  h  and  a  10-fold  increase  at  1400  h  on 
estrus  (p  <  0.05).   A  group  of  rats  (not  shown  in  figure  15) 
was  injected  with   naloxone  or  saline  on  diestrus   day  1  at 
0800  h.   Serum  LH  levels  in  saline- treated  rats  were  61.22  ± 
10.87  ng/ml,   whereas  they  were  significantly  elevated  to 
214.79  ±  27.68  ng/ml  in  naloxone-in jected  rats  (p  <  0.05), 
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Figure  15:  The  effects  cf  naloxcne  (2  ig/kg)  on  sercm  IH 
levels  at  various  tiaes  during  the  estrous 
cycle. 

The  time  of  sacrifice,  noted  on  the  atscissa, 
was  15  minutes  after  nalcxcce  (NAI)  or  saline 
(SAL)  injection.  Note  the  scale  change  fcr  Ltt 
concentrations  in  groups  injected  during  the 
preovulatory  surge  (1615  h  and  1815  h  on 
proestrus) .  ♦  denotes  p  <  C.05  vs.  saline 
control  at  the  saae  injection  time. 
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gffects_cf_NaloxoDe  on  LH  Release  in  Stercid  -  Pretreated 

2X§£iectomized_Eats  sjrSiJ 

In  agrecBient  with  previous  reforts,  EB  treatment  elicited 
a  modest  aidafternoon  IH  surge,   as  indicated  by  elevated  LH 
levels  at   1600  h   in  saline  treated  centrals   (Figure  16, 
lower  pannel;  p  <  0.05;  P.  Kaira  et  al. ,  1972;  S.   Kalra  and 
Kalra,   1979).   in  these  rats,   regardless  cf  the  tiae  of 
adBinistration,   naloxone  evoked  a  significant  rise  in  serum 
LH  levels.  Elevations  in  serum   IH  levels  over  the  control 
values  varied  between  ^8%   and   73%  befcre  and  after  the 
spontaneous  LH  surge.   At  1600  h,   during  the  EB-induced  Ifi 
surge,   the  naloxone- induced  LH   rise  was  not  significantly 
different  from  that  at  other  times  studied. 

As  expected,   p  treatment  advanced  and  amplified  the  Ifl 
surge  in  EB-primed  rats  (P.  Kalra  et  al. ,  1972).    A  rise  in 
serum  LH  levels  was  evident  as  early  as  1U00  h.   Thereafter, 
LH   levels  peaked   rapidly   at   1600  h  and   decreased 
progressively  at  1800   h  and  2000  h.    Also,   P  treatment 
markedly  altered  the  naloxone-induced  Lfl  response.   lithin 
two  hours  of  P  treatment,   the  naloxone-induced  Lh   response 
was  significantly  higher  than  that  seen   at  this  time  in  EB- 
treated  rats  (Figure  16)   or  before  S   treatment  at  1000  b    (p 
<  0.05).   However,  during  the  rising  phase  at  MiOO   h,   the 
peak  phase  at  1600  h,   and  the   receding  phase  at  1800  h  cf 
the  Lfl  surge,   naloxone  failed  to  stimulate  any  further 
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increase  in  LH  release.  The  ability  cf  naloxcne  tc  elicit  LH 
release  was  again  evident  at  the  end  of  the  IH  surge  at  2000 
h.   The  LH  response  at  this   time  was  quite  similar  to  that 
seen  before  the  onset  cf  the  LH  surge. 

The  Effects  of  P  on  Naloxone  -  Induced  LH  Release  on 
Prcestrus 

The  injection  of   P  on  prcestrous  tcrning   advanced  the 

oidaf ternoon  LH  surge  (Figure  17) .   Seru«  LH  concentrations 

in  P  injected   rats  were  significantly  elevated   fcy  1400  h, 

while  oil-injected  rats  showed  no  evidence  cf  an  IH  surge  at 

this  time.   Secreticn  of  IH  increased   further  at  1600  h  in 

these  P-treated  rats  (p  <  0.05).   However,  naloxcne-induced 

LH  responses  observed  in  the  oil-injected  controls  at  1400  h 

(Figure  17)   or   16C0  h  (Figure  16)   were   abolished  by  P 

pretreatoent. 
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The  effects  cf 
ovariectomized 


naloxone  (2  mg/kci)  on  serum   LI   in 
rats  treated  with  EB  (lower 
panel)  cr  EB  plus  P  (upper  panel). 


The  time  cf  death  on  day  2  after  EB  treatment, 
noted  on  the  abscissa,  was  15  minutes  after 
naloxone  (NAl)  or  saline  (SAL)  irjection.  The  BB 
group  treated  with  naloxone  cr  saline  at  1000  h 
is  also  presented  as  a  control  group  in  the  EEP 
panel,  since  it  did  net  receive  P  on  day  2  at 
1000  h.  ♦  denotes  p  <  0.05  vs.  saline  control  at 
the  saae  injection  ti«e. 
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Effects  of 
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15 


The  tiae  of  death,  noted  on  the  abscissa,  was 
minutes  after  naloxone  or  saline  injection. 
Controls  (inset)  were  treated  with  oil  rather 
than  P  at  09C0  h  and  received  saline  or  naloxone 
at  1400  h.  ♦  denotes  p  <  0.05  vs.  saline  control 
at  the  sane  injection  tine. 
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Discussion 

These  studies   clearly   defflcnstrat€   that   naloxone 
administration  can   readily  stimulate   IH  release   at  all 
stages  of  the  estrous  cycle.    Since  the  priaacy  action  of 
naloxone  is  believed  to  involve   the  displaceoent  of  the  EOP 
from  their  receptors,   it  seeos  likely  that  this  action  led 
to  the  stimulation   of  IH  release  in  this   study  (Meites  et 
al.,  1979;  Cicero,  1980b:   S.   Kalra  et  al. ,  1980).   This 
observation  is  in  line  with  the  view  that  during  the  estrous 
cycle,    EOP  containing   neurons,    located  within   the 
hypothalamus,   exert  a  tcnic  inhibitory  influence   on  LB 
release  (Botsztejn  et  al.,  1978,  S.  Kalra,  1981). 

Blank  et  al.   (1979)  were  able  to  elicit  IR  release  with 
naloxone  (at  2,5  mg/kg)  in  prepubertal  female  rats.  In  adult 
cycling  rats,    they  failed  to   observe  a   stimulatory  IH 
response  after  a  similar  naloxone  treatment,    While  the 
reasons  for  the  disparity  between  these  data  and  the  wcrk  of 
Blank  et  al.   (1979)  are  not  apparent,   it  should  be  noted 
that  the  basal  serum  LH  levels  in  the  previous  work  were  two 
to  three  times  higher  than  the  levels  determined  in  this 
experiment.   Bhetaer  this  high  tasal  IB  secretion  rendered 
the  adult  rats   unresponsive  to  naloxone  is   uncertain. 
Interestingly,  leiri  et  al.  (19801:)  also  found  that  a  single 
injection  of  naloxone  on  the  afternoon  of  proestrus  slightly 
prolonged  the  duration  of  the  IH  surge. 
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Quite  unexpectedly,    the  LH   respoose  after  calcjcone 
treatment  between  diestrns   II  and   just   before   the 
preovulatory  LH   release  were   similar.   This   finding  is 
interesting  because  it  suggests  that   factors  other  than  the 
responsiveness  of  the  pituitary   to  LHfiH,   which  increases 
progressively  as  a  function  of   E2  secretion   during  this 
period,  aay  be  operative  after  naloxone  treatment  (S,   Kalra 
and  Kalra,  1974;  libertun  et  al.,  1974;  Martin  et  al.,  197U; 
Gabriel  et  al. ,   1983).    Evidence  suggests  that  naloxone 
treatment  induces  LUBE   cutput   from  the  hypcthalamus  (S. 
Kalra,  1981;  Hilkes  and  Yen,  1981;  Blank  and  Boberts,  1962). 
Therefore,  it  is  likely  that  the  uniform  nalcxone-induced  LH 
responses  coincident   with  the  progressive   enhancement  in 
pituitary  responsiveness  to  IHEH  result  from  a  corresponding 
gradual   decrease   in   naloxone-induced   LHRH   release. 
Accordingly,   it  is  predictable  that   late  on  diestrus  II, 
when  the  pituitary  sensitivity  to  LHRH  is  lew,   naloxone  nay 
have  elicited  LHHH  output  at  considerably  higher  levels  than 
later,   at  any  time  before   the  precvolatcry  LH  release  en 
prcestrus.   This  interesting  possibility  of  a   gradual 
decrease  in  naloxone-induced  LHBH   release  as  estrogen 
secretion  increases  between  diestrus  TI  and  proestrus  would 
require  further  documentation  by   direct  measurement  of  IHBH 
levels  in  the  hypophysial  portal  plasma.   It  could  indicate 
that  over  the  36  hour   period  approaching  the  prcestrous  IH 
surge  that  there   is  a  gradual  decrease  in   the  activity  of 
ECP-containing  neurons  controlling  LH  release. 
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In  iaiBature  22-day-old  rats,    EB  treatment  blocked  the 
stimulation  of  Lfl  release  by  naloxone  (Blank  et  al.,   1979). 
Siailarly,  Blank  et  ai.    (1980)  reported  that  up  to  4  hours 
after  an  EB   injection,  naloxone   was  ineffective  in 
stimulating  LH  release  in   cvariectcaizcd  adult   rats. 
However,   as   this  study  indicates,    two  days   after  IE 
treatment,  the  ability  of  naloxone  to  stimulate  LH  secretion 
returns.   The   injection  of  EB   has  been  shown   to  exert 
biphasic  effects  on  pituitary   responsiveness  to  IHEH  in 
ovariectcBized  rats   (libertun  et  al. ,   1974).    After  EB 
treatment,   there  is  initially  a  suppression  for   up  to  6 
hours,   followed   by  an  enhanced  LH  response  to   LEGE 
injection.   Thus  the  apparent  contradictory  observations  of 
Blank  et   al.   (1979  and  1980)    and  this  study  can  be 
reconciled  on  the   basis  of  changing  patterns   of  pituitary 
responsiveness  after  EB   injection.   However  this   mcde  of 
biphasic  change  in  pituitary  responsiveness  does  not  explain 
the  uniform  LH  responses  during  the  period  between  20  15  h  on 
diestrus  II  and   1415  h  on  proestrus  in   cycling  rats.   At 
present  it  cannot   fee  precluded  that  the   rise  in  estrogen 
secretion  may  attenuate  naloxone-induced  IHBH  release  over 
this  interval. 

With  respect  to  the  effects  of  P,  the  data  are  consistent 
with  the  observation   that  P  advances  and   amplifies  the  Lfl 
surge  in   EB-pri«ed  ovariectOBized  and  proestrus   rats  (E. 
Kalra  et  al.,  1972;  Sedaond,  1968).    ihis  study  has  further 
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found  that  two  hours  after  P  injection,  the  naloxone-induced 
LH  response  was  greatly  enhanced  in  BE-primed  rats.  This  nay 
be  partly  due  to  increased  availatility  of  a   peel  cf 
releasable  LHEH  and  enhanced   pituitary  sensitivity  to  LBHH 
at  this  time  (Cooper  et  al.,   1973;   Aiyer  et  al.,   1976; 
Sinpkins  and  Kalra,  1980).   Interestingly,  as  the  LE  surge 
began  in   these  P-treated  (EB-priaed  or   prcestrus)   rats, 
naloxone  was  no  longer  aile  to  elicit  LH  release.   This 
refractory  period  began  H   hours  after  P  injection  and  lasted 
for  almost  8  hours  shen  LH  was  being  ccntinucusly  released 
at  high  rates.    The  failure  of  naloxone   to  stimulate  LE 
release  cannot  be  entirely  due   tc  the  possibility  that  the 
hypothala«ic-pituitary-lH   axis  is  responding   maximally 
(Blake  and  Garner,  1980),   because  the  refractory  period  was 
seen  even  4  hours  after  P  injection,   when  LH  secretion  was 
clearly  not  maximal.   It  should,  however,  be  noted  that  the 
endogenous  P  secretion  that  follows  the  LH  rise  on  proestrus 
failed  to  suppress  the  naloxone-induced  LH   response  (S. 
Kalra  and  Kalra,  1974a).   Oader  these  conditions,  either  the 
optimal  time  course  of  P  action   was  net  allowed  before  the 
naloxone  test  or  the  endogenous  i   secretion  failed  to  reach 
the  effective  concentration  attained  after  exogenous  f 
administration. 

In  the  absence  of  p   treatment,   naloxone   was  highly 
effective  in  eliciting  LH  release  throughout  the  LE  surge  on 
proestrus  and  in  EB-treated   rats.    Ihese  ctservaticns  are 
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interesting  io  t«o   nays.   First,   they  suggest  that 
considerable  amounts   cf  iiolcgically  active  IHEH   were  net 
being  secreted  during  the   LH  surge  on  proestrus  or  in  EE- 
treated  rats,   and  this  was  not  the  case  after  P  treatsent. 
Second,  the  fact  that  naloxone  can  evoke  further  stimulation 
of  LH  release  indicates  that  a  considerable  degree   of 
inhibitory  influence  of  ECP  was   present  during  the  surge  in 
proestrus  and  EB-priaed  rats  and  not  in  P-treated  rats.   It 
appears,  therefore,   that  P  treatment  may  serve  to  curt  the 
inhibitory  influence  cf  EOP  tc  allow  LBBH  output  to  cccur  at 
an  optimal  rate   for  amplification  of  the  LE  surge.   The 
mechanisa  by  which  P  exerts  these  effects  is  cot  knonn. 

In  summary,   these  studies  show  that  naloxone  can  elicit 
LH  release  in  intact  and  estrogen-treated  cvariectcmi2ed 
rats.  Further,  estrcyens  may  alter  this  LB  response.  In  some 
circumstances,   the  alteration  cf  estrogen  may   reflect 
pituitary  sensitivity   to  LHBH   at  the  time  of   naloxone 
treatment,   while  in   others  it  may  reflect   the  degree  cf 
inhibitory  influence  of  EOP  on  LHBE  neurons  in  the 
hypothalamus.   Hhile  some  degree  of   inhibitory  influence 
continues  to  exist  during  the  IH  surge  on  proestrus  and  in 
EB-treated  rats,    P  treatment  appears  tc  abolish  this 
influence  in  association  with  amplification  cf  the  LE  surge. 
It  is  possible  that  the  acticn   of  excgenous  P  in  advancing 
and   magnifying  the   IH  surge   may   in  part   fce  due   to 
alterations  in  opioid   activity  before   and  during   the 
hypersecretion  of  IH, 


CHAPIEB  VIII 
A  DECLINE  IN  ENDOGEKOOS  OPIOID  INFLOENCE  DDBING  THE  STEBCID 
-  INDUCED  HYPEfiSECBETION  OF  lOTEISIZIHG  HOBKCNE  IN  IHI  PAT 


Intcoduction 


A   variety   of   anatoaical,    physiological   and 
pharaacological  evidence  indicates  a  role  for  EOP   in  the 
regulation  of  LH  secretion  (Meites  et  al. ,   1979;   Cicerc, 
1980b;  S.  Kalra  et  al. ,  1980;  Hatson  et  al. ,  1980).    While 
Borphine  or  EOP  can  suppress  LH  secreticn,   the  significance 
of  these   pharoacolcgical  effects  is  uncertain   {Cicero  et 
al.,  1976;  Kinoshita  et  al. ,  1981;   Leadea  and  Kalra,  1983). 
However  the  ::apacity  of  the  narcotic  antagonist,   naloxone, 
when  administered  alone   to  elicit  LH  secreticn   suggests  a 
tonic  inhibitory  role  for  EOP  (Bruni  et  al.,  1977;  Cicerc  et 
al.,   1981  .   Furtiier  the  aagnitude  of  the  IH  secretory 
response  to  naloxone  may  serve  as  an  indication  of  the  level 
of  ongoing  opioid  agonist  activity  exerted  at  the  level  of 
the  hypothalaaic-pituitary-LH  axis  {Cicerc  et  al. ,  1983fc). 

As  was  suggested  in  the  previous  chapter,   EOP-containing 
neurons  appear  to  tcnically   inhibit  IH  secreticn  throughout 
the  estrcus  cycle  of  the  rat,  and  ovarian  steroids  appear  to 
aodulate  this  inhibitory  activity.   To  further  evaluate  the 
role  of  EOP  in  the  phasic  secretion  cf   LH,   this  chapter 
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examines  the  LH  secretoty   respcDse  tc   a  wide   range  of 
naloxone  aosayes,   prior  to  and  during  the   period  of  LH 
hypersecretion  seen  f olloning  the  adainistration  cf  IB   or  EB 
plus  P  to  ovariectODiized  rats. 

Experimental 
This  study  consists  of  two  experinents,   both  cf  which 
eaplcy  models   routinely  used  to  simulate   preovulatcry  IH 
release  in  the  female  rat  (as  described  in  General  Haterials 
aoi  Methods).   Two  weeks  after  cvariectcay,  rats  receive  7.5 
aicrograas  EB  in  oil  (EB  priming)  at  1000  h.   After  two  days 
of  EB  treatment,  a  diffuse  midafternocn  LH  surge  ensues  Kith 
peak  LH  levels  achieved  around  1600  h  (Legan  et  al. ,   1975). 
The  administration  of  P  (5  mg.,  s-c.   in  oil)  48  hours  after 
EB  treatment  (day  2,    1000  h,  EBE  priming)  advances  the  onset 
and  increases  the   magnitude  cf  the  resultant   LH  surge  (P. 
Kalra  et  al. ,  1972).  The  following  three  sampling  times  were 
used  in  these  EBP-treated  rats: 

1.  during  the  hasal  LH  secretion  seen  pricr  tc  the  onset 
of  the  LH  surge  at  1200  h; 

2.  at  the  onset  of  the  LH  surge  at  1400  h;  and 

3.  during  the  period  of  aaxiaal  LH  titers  at  1530  h. 
Additionally,   for  comparison,   rats  treated  with  EB  alone 
were  sampled  at  1600  h  during   the  peak  LH  response  to  this 
treatment  regimen. 


127 
In  the  first  experiaent,   groups   of  EB-  and  EEP-prioed 
rats  ¥€re  injected  with  saline   vehicle  cr   naloxone  HCl 
dissolved  in   saline  at  dosages   ranging  froi  0.1   tc  15,0 
mg/kg  B. H.  Blood  was  collected  by  decapitation  at  exactly  15 
minutes  after  injection.   The  dose  range  of  naloxone  and  the 
sampling  time  were  chosen  on  the  basis  cf  wcrk  dene  in  this 
and  other  laboratories  (Cicero  et  al. ,  1981;   S.   Kalra  and 
Simpkins,  1981). 

In  the  second  experiment,  the  pituitary  responsiveness  to 
LHHH  injections  (75  ng/100  gm  B.S.,  s.c)   was  evaluated  in 
rats  pretreated  with  EB  or   EBP  as  described  above.   Bleed 
samples  (750  microliters)   were  obtained  by  cardiac  puncture 
prior  to  and  30  minutes   after  LHHH  injection.   Light  ether 
exposure  was  used  as  an  anesthetic.   Ihe  dosage  of  IHBH,  as 
well  as  the  sampling  interval,   were  based  on  previous  work 
done  by  in  this  and  other  laboratories  (Chapter  V;   lu  et 
al.,  1S80)  . 

Results 
The  effects  of  gonadal  steroid  treatment  on  serua  LB 
concentrations  in   ovariectomized  rats  are  shewn   in  figure 
18.   In  EBP-treated  rats  treated   with  saline,    IH 
concentrations   at   all   three    time   intervals   Here 
significantly  different  from  one  another.   Concentrations  of 
LH  increased   progressively  between   1200  h   and  1530  h 
following  P  injection  to  EB-primed  rats.   Further,  LE  levels 


128 
at  1530  h  in  EBP-treated  rats  weie  acre  than  4~tiaes  higher 
than  EB-treated  rats  at  a  similar  tioe  (1600  h;  p  <  0.05). 

The  effects   of  nalcxcce   en  IH   secreticn  during   the 
hormone  surge  induced  by  gonadal  steroids  is  ovaiiectooized 
rats  are  also  shown  in  Figure   18.   All  dosages  of  naloxone 
eaployed  froa  0.1   through  4.5  ay/Xg  B.W.    stimulated  IH 
release  prior  to  the  IB  surge  in  EBP-treated  rats  at  1200  h 
and  during  the  LH  surge  in   EB-priaed  rats  at  1600  h.   The 
lowest  effective   dose  (0.1   Big/Xg  E.i.)    stimulated  IB 
secretion  73X  and  56%  in  EBP-treated  rats   at  1200  h  and  £B- 
treated  rats  at   1600  h,   respectively  (p   <  0.05).    In 
contrast,   during   the  LH  hypersecretion  induced   fcy  EEP 
priming  to  ovariectomized  rats,   higher  dosages  of  naloxone 
were  reguired  to  stimulate  LH  levels  further.  In  EEP-treated 
rats  at  1400,   only  the  highest   dose  cf  naloxone  (15  «g/kg 
B.i.)   significantly  increased  IH  levels  while  the  4,5  mg/kg 
B.V.    dose  of  naloxone  was  reguired  tc  significantly 
stimulate  LH  levels  at  1530  h. 

The  effects  of  LHHH  administration   (75  ng/100  g.   B.S., 
s.c.)   on  LH  secretion  in  gonadal  steroid  primed  rats  are 
shown  in  Table  4.    Pricr   to   IHRH  injection,   LH 
concentrations  were  elevated   in  EB-treated  rats  at   16CC  h 
and  in  EBP-treated   rats  at  1400  h  and  1530   h  relative  to 
EBP-treated  rats  at  1200  h   (p  <  C.05),   Paired  t-analysis 
revealed  a  significant  stimulation  of  LH  secretion  after 
LflBH  injection  in   all  4  gonacal  steroid   treatment  groups. 
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Figure  18: 


The  effects  cf  nalcxcc€  injecticc  on  IH 
secretion  in  ovariectonized  rats  receiving  IE   or 
EBP  treatoent. 


Data  are  expressed  in  terms  of  LH-fiP-1  (LH-EP-1 
=  61  X  lH-BP-1)  *  denotes  p  <  0.05  vs  saline. 
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The  magnitude  of  the  LH  secretory  response  to  LHEH  (delta 
LH)  was  similar  in  ESP-treated  rats  at  1200  h  and  1U00  h  and 
in  EE-treated  rats  at  1600  h.  However,  the  LH  response  to 
LHBH  injection  in  rats  treated  with  £E  plus  F  at  1530  h  was 
greater  than  the  response  seen  in  all  ether  treatnent  groups 
(p  <  0.05)  . 

T&BIE  H 

Effects  of  LHRH  (75  ng/IOC  gni  B.i.,  s.c.)  on  LH  secretion  in 
ovariectoaized  steroid  treated  rats. 


Group         Pre-LHfiH         Eost-LflBH     delta-LKBB 


LH  (ng/ol  seruB) 


EBP  1200        206  1   27  1372  i  190  1206  ±  1S8 

EBP  1400        358  ±   28»  1162  ±  IS*  803  ±  184 

EEP  1530  2006  i    a06»  5551  ±  1329»  3538  ±  1055^ 

EB   1600       375  1   25*  1311  ±  153  934  ±  153 


Data  are  expressed  in  terns  of  LH-BP-1  (LH-fiP-1  =  61  X  lB-BP-2) 
»  denotes  p  <  0.05  vs.  EBP  1200  h. 
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Discussion 
The  results  of  the  present   study  provide  clear  evidence 
that  during   the  period  of   LH  hjfersecreticc   induced  in 
ovariectciHized  rats  by  the   sequential  adainistration  of  EB 
plus  P,   a  decline  in  the  inhibitory  influence  of  EOF  en  IH 
secretion  occurs.  This  is  evidenced  by  the  narked  decline  in 
the  ability  of  naloxone  to  elicit  LH  secreticn  during  this 
steroid-induced   LH  surge.    The   present  study   further 
indicates  that  the  decline  in   the  LH  secretory  response  to 
naloxone  cannot   be  fully  explained  by   changes  in   the 
response  of   the  pituitary   to  LHRH,    or  to   increased 
variaijility  in  LH   levels  inherent  to  the  onset   of  the  LR 
hypersecretory  state. 

As  seen  in  Table  H,        iHfiH  adainistration  to  EE-treated 
rats   (1600  h)    caused  a  marked  elevaticr  in  IH 
concentrations,  and  P  administration  to  these  EB-priaed  rats 
(1530  h)   further  augaented  the  pituitary  response  tc  IHSH, 
as  has   been  noted   previously  (Aiyer   et  al.,    1976). 
Additionally,   during  the  progression  cf  the  EBP-induced  IH 
surge,  the  response  to  IHBH  was  stable  at  1200  h  and  1400  h, 
and  increased  at  1530  h,   during  the  period  cf  the  peak  LH 
response  to  gonadal  steroid  priaing.   These  results  suggest 
that  the  heightened  pituitary  responsiveness   to  LKKB  at  the 
apex  of  the  LH  surge,   as  has   teen  noted  by  ethers,   is  a 
conseguence  of  LHBH  self-priaing   (Blake  and  Garner,   1980) 
and  the  direct  action  of  gonadal  steroids  on  the  pituitary. 
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Regardless  of  the  Bechanism  of  this  enhaaced  responsiveness, 
it  is  clear  that  the   diminished  ability  of   nalcxoce  tc 
stimulate  LH  release  during  the   EBE-induced  IB  surge  is  not 
a  consequence  of  a  hyi:ophjseal  deficit. 

In  EB-treated  rats  at  1600  h   and  in  EBP-treated  rats  at 
1200  h,  the  LH  secretory  nechanisi  is  extreuely  sensitive  to 
naloxone  and  conparable  tc  that  previously  reported  in  Dale 
rats  (Cicero  et  al.,  1981).  Nalcxcne  appears  to  stimulate  LH 
release  by  blocking   the  ongoing  actions  of   lOP  (Eruni  et 
al.,  1977;   Cicero  et  al,,  1981;   S.   Kalra  and  Simpkins, 
1981).   The  extreme  sensitivity  of  these  anisals  tc  naloxone 
would  suggest  that  ongoing  ECE  neuronal  activity   plays  an 
inhibitory  role  in  the  period  preceding  the  IH  surge  induced 
by  EBP  treatnent   as  veil  as  in  dampening   the  magnitude  of 
the  LH  surge   induced  by  EB   priming  alcne.    These 
observations  as  well  as  the  findings  of  the  previous  chapter 
that  naloxone  can  stimulate  LH  secretion  throughout  the 
estrous  cycle  would  support  such  an  inhibitory  role  of  £CP 
on  LH  release  in  the  female  rat. 

During   the   hypersecretion   of   LB  induced   by   P 
administration  to  EB-primed  rats,  the  influence  cf  EC5  on  LH 
secretion  diminishes,  as  is  evident  by  the  relative 
insensitivity  of   the  LH   secretory  mechanism   tc  naloxone 
injection.    The  high  dose  of  naloxone  required  to  stimulate 
IH  secretion  in   EBE-primed  rats  at  1400  h   (15  mg/kg  B.i.) 
and  at   1530  h   (4.5  mg/kg  B.i.)    suggests  that   the  LB 
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secretory  response  observed  in  these  aniaals  may  not  be  due 
to  the  antayonisB  of  opioid  receptors.   In  th€  dose  range  of 
5  through  20  ag/kcj  B.W.,    naloxone  can  have  non-cpicid  and 
opiate  agonist  activity  (Savynok  et  al.,  1979),    Honever,  a 
caution  in  interpreting  the  response   tc  naloxone  during  LH 
hypersecretion  should   be  presented.   Since  the  onset  and 
Magnitude  of  steroid-induced  IH  surges  vary  among  aniaals, 
higher  variability  in  LH  levels  would  be  expected  during  the 
LH  surge,  Conseguently,  a  proportionately  larger  response  to 
naloxone  would  be  required  to  discern  a  significant  increase 
in  serum  levels  of  the  hcraone.   However,   this  variability 
alone  cannot  account   for  the  lack  cf   refpcnse  tc  nalcxcne 
during  the  EBP-induced  IH  surge.   Only  ssall  changes  in  the 
mean  LH   response  were   observed  daring   the  IH   surge  at 
naloxone  dosages  (0.1   and  0,5  ag/kg  £,i,)    which  caused 
nearly  maximal  LH  secretory  responses  in  EB-treated  rats  and 
EBP-treated  rats  at  1200  h.   Furthermore,  other  LH  secretory 
states  vhich  have   an  inherently  high  variation  in  lean  IH 
levels,   such  as  the  acutely  orchidectoaized  male  rat,   are 
highly  sensitive  to  naloxone- induced  LH  secretion  (Cicerc  et 
al,,  1S81) 

In  EBP-treated  rats,  the  resalting  LH  surge  is  earlier  in 
onset,   higher  in  magnitude  and  shorter  in  duration  than  the 
LH  surge  observed  in  EB-treated  rats  (E,  Kalra  et  al,,  1S72; 
Aiyer  et  al. ,  1976).   The  findings  of  this  and  the  previous 
chapter  indicate  that  ECE  may  te  involved   in  determining 
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these  LH  secretory  responses  tc  gonadal  steroids.    For  a  H 
hour   period   folloning   E    injection   to   EB-primed 
ovariectoiBized  rats,   ECP  inhibitory  influence  on  LH 
secretion  persists  and  may  be  enhanced.  During  the  ascending 
and  peak   phase  of   SBF-induced  IH   hypersecretion,   ECP 
influence  is  lacking,   suggesting  that  associated  with  this 
LH  surge   is  a   decline  in  ECP  neuronal  activity   or  the 
responsiveness  of  its  post-synaptic  effectors.   Further,  the 
decline  in  the  LH  surge  induced  by  EEP-treatment   is 
associated  with  a  reinitiation  of  nalcxoce-induced   LH 
secretion,   suggesting  that  ECP  nay  be  involved  also  in  the 
termination  of  LH  hypersecretion  (Chapter  VII).  m  contrast, 
EOP  neuronal  systems  appear  to   be  active  during  the  entire 
extent  of  the   EB-induced  LH  surge.   It   is  reasonable  to 
assume,   therefore,   that  EOP  may   be  involved  in  the  late 
onset,   and  low  magnitude  of  EB-induced  LB  hypersecretion, 
flethods  of  measuring  the  release  of  various  ECP  prior  to  and 
daring  steroid-induced  IH  hypersecretion  are  clearly  needed 
to  test  this  hypothesis. 


CHAPTEB  IX 
THE  EfFICTS  OF  CHfiCNIC  MORPHINE  IREAIMENI  ON  THE  FEEDBACK 
ACTIONS  OF  ESIBOGES  ON  GONADOTBCEIN  SECBETICN  IN 
OVAfilECTOMIZED  fiAlS 


Introduction 
The  feedback  effects  of  the  Ofarian  steroid,  E2,   on  the 
gonadotropins  LH  and  FSH,   are  coordinated  at  the  levels  of 
the  hypothalaaus  and  pituitary  (Fink,  1979;   S.   Kalra  and 
Kalra,   1983).   S2  displays  both  inhititcry  and  stimulatcry 
effects  on  gonadotropin  secretion.    Inhibitory,  or  negative 
feedback  effects,    are  seen  during   periods  of   tasal  IH 
secretion  throughout  the  estrous  cycle  or  iainiediately  after 
the  injection  of   I2  to  ovaricctoiized  rats,    while 
stiauiatcry,   or  positive  feedback  effects,   are  witnessed 
after  periods  of  increased  follicular  estrogen  secretifrcm 
diestrus  through  on  prcestrus  or  after  aore  than  48  hours  of 
sustained  E2   exposure  to   ovariectcaized  rats   (Vilchez- 
Hartinez  et  al.,  1974;  Legan  et  al.  ,  1975;   Fink,  1979;   £. 
Kalra  and  Kalra,   1S83).   In  the  ovariectoaized  rat,   the 
positive  feedback  effects  of  estrogen  are  expressed   as  a 
daily  signal  for  aidafternoon  IH  hypersecretion  vhich  ensues 
for  several  days  if  E2  titers  are  aaintained  at  levels 
similar  to  or  greater  than   E2  levels  seen   on  proestrus 
(Legan  et  al. ,  1975).  The  neuronal  aechanisas  mediating  this 
LH  hypersecretion  are  only  partially  understood. 
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The   localization  of  EOP  in  brain  regions   closely 
associated  with  steroid-concentrating  neurons  and   LHBH- 
containing  neurons  has  sparked  an  investigation   of  tbeir 
role  in  the  regulation  of   gonadotropin  secretion  (Meites  et 
al.,  1979;  Cicero,  1980b;  S.  Kalra  et  al. ,  1980).   It  is  not 
certain  whether  tissue   levels  of  EOP  in   the  hypothalaius 
change  in  response  to  alterations   in  the  reproductive  state 
of  the  female  rat  {Ku«ar  et  al. ,  1980;   Knuth  et  al.,  1984). 
A  large  body  of  pharaiacologic  evidence,  however,   indicates 
that  EOP  act   to  inhifcit  IH  secretion   and  possibly  lediate 
the  feedback  effects  of  E2  (S.   Kalra,  1981;  S.   Kalra  and 
Siopkins,  1981,  Sylvester  et  al. ,  1982). 

As  was  shown  in  the  two  previous  chapters,   EOP  appear  to 
inhibit  LH  secretion  throughout  the  estrous  cycle,   and  say 
participate  in  the  advanced  onset  and  increased  taagnitude  of 
the  IH  surge  seen  after  P  treataent  to  proestrous  and  EE- 
primed  ovariectonized  rats.   Additionally,  it  was  shewn  that 
chronic  aorphine  treatment  to   castrated  nale  rats  enhanced 
the  negative  feedback  effects  of  T  en  gonadotropin  secretion 
(Chapters  IV   through  VI),    This  chapter   concludes  the 
experiaental   work   presented  in  this  dissertation  by 
investigating  the   feedback  effects  of  E2   on  gonadotropin 
release  in  ovariectcmized  rats  treated  with  acrphine. 
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gxgeriaental 
In  these  studies  ovariectoaized  rats  were   treated  with 
morphine  and  E2  implants  or  appropriate  control  treatnects 
as  described  in  the  General  Materials  and  Methods  section  of 
this  dissertation.    All  treatments  were  initiated  two  weeks 
after  ovariectoay, 

jxperiaent_2 

This  study  evaluated  the  inhibitory  and  stimulatory 
effects  of  E2  on  LH  and  FSH  secretion  in  cvariectcmized  rats 
pretreated  with  aorphine  or  placebo  pellets.   Ovariectoaized 
rats  were  given  aorphine  or   placebo  pellets,   fcllo*ed  two 
days  later  at  1000  h  by  two  additional  iaplants.  it   the  time 
of  the  second  morphine  or  placebo  pellets,   groups  cf  rats 
received  E  implants  at  one  of  three  dosages: 

1.  5  BB  long  tubes  packed  with  crystalline  E2  diluted 
with  cholesterol  on  a  (weight:weight)  basis  of  1:1; 
hereafter  referred  to  as  5  aa  E2  (1:1); 

2.  5  ma  long  tubes  packed  with  crystalline  E2;  hereafter 
referred  to  as  5  ejb   E2;  and 

3.  10   aa  long   tubes   packed   with  crystalline   E2 ; 
hereafter  referred  to  as  10  aa  E2. 

On  the  second  day  after  E2  treataent,   basal  LH  secretion 
is  seen  at   1000  h  while  IH  hypersecretion   is  observed  at 
1600  h  (Legan  et  al.,   1975).    Groups  cf  E2-imFlanted  rats 
treated  with   morphine  or  placebo  pellets  were   killed  at 
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these  two  tiaes.  Trunk  tlood  was  collected  for  serua  IH  and 
FSH  analysis  by  RIA. 

Exferiaept  2 

Based  on  the  results  of   Experiaent  1,    groups  of 
ovariectoaized  rats  were  given   acrphine  or  placebo  pellets 
plus  one  5  mm  E2  (1:1)  iaplaat  as  described  in  Experiaent  1. 
To  obtain  a  aore  detailed  tiae  course  of   the  E2-induc6d 
gonadotropin  surge,   groups  of   aniaals  were  sacrificed  at 
1200  h,  1100  h,  1600  h,   and  1800  h  on  the  second  day  after 
E2  implantation.   Serua  froa  trunk  bleed  was  stored  at  -20° 
C.  for  later  analysis  of  IH  and  FSH  by  EIA* 

Exgeriagnt ,3 

An  LH  surge  can  be  initiated   for  several  days  after  the 
iaplantation  of  E2  capsules  to  ovariectoaized  rats  if  serum 
E2  levels  are  aaintained  elevated  (legan  et  al. ,  1975).   In 
this  experiaent  rats  received   acrphine  or  placebo  treatnent 
plus  one  5  aa  E2  (1:1)  iaplant  as  described  in  Experiaent  1. 
Both  Borphine  and  E2   treataent  were  continued  for  an 
additional  two  days,  however.   At  this  tiae  (after  6  days  of 
Borphine  or  placebo  treataent  and  4  days  after  receiving  the 
E2  iaplant)  groups  of  rats  were  killed  at  1C00  h  and  1600  h. 
Trunk  blood  was  collected  for  later  serua  LH  and  FSB  assays. 


139 

To  detaraine  whether  chronic  lorphine   treatment  alone 
altered  gonadotrofin  secretion  in   the  absence  cf   E2 
treatment,  groups  cf   rats  were  treated  with  aorphine  or 
placebo  pellets  plus  sha»  capsules.  After  4  days  cf  aorphine 
or  placebo  treatment,   groups  of  rats   were  killed   ty 
decapitation  at  1000  h  and  160C  h.   Serun  was  stored  at  -20° 
C.  for  later  serua  horoone  analysis. 

gjC£eriBent_5 

To  determine  whether  chronic  acrphine   treataent 
influenced  the  pituitary  response  to  LHBH,   groups  cf  rats 
received  aorphine  or   placebo  treataent  plus  5   ma  Z2  (1:1) 
capsules  as  described  in  Experiaent   1.   Cn  the  second  day 
after  E2  treataent  rats  were  given  an  injection  of  IBBH  (75 
ng/100  g.   B.H.,   s.c.)   at   1530  h.   Elood  samples  (750 
aicroliters)   were  obtained  by  cardiac  puncture  under  light 
ether  anesthesia   prior  to,   and  30  minutes  after  LHEfi 
injection.   The  dose  of  LHHH  used  and  the  sampling  interval 
were  based  on  earlier  experiaents  (Chapters  V  and  VIII;   lu 
et  al. ,  1980).   Serum  was  analyzed  for  LH  by  BIA. 


Results 

The  inhibitory  and  stimulatory  effects  of  three  different 
E2  doses  on  LH  and  FSH  release  in  placebo-imf lanted  rats  are 
shown  in  Figure  19.   At  1C00  h,   serun  LH  levels  were  belcw 
225  ng/ffil  in  these  flacebo-treated,  E2-iaplanted  rats.   This 
is  comparable  to  LH   levels  shown  in  earlier  chapters 
employing  EB-treated   ovariectomized  rats  (Figures   16  and 
18).  Midafternoon  elevations  in  serum  LH  were  evident  in  all 
three  of  these   E2-implanted  groups  at  1600   h  relative  to 
1000  h  (p  <  0.05).   Of  the  three  E2  doses  used,  the  10  at    E2 
implants  caused  the  largest  (6-fcld)    increase  in  serum  IH 
above  these  observed  at  1000  h.   The  FSH   response  to  E2 
implantation  in   placebo-treated  rats  was   less  pronounced 
than  that  of  LH  (Figure  19,  lower  panel).    Serum  FSH  levels 
at  1000  h  in  placebo- treated  rats  were  inhibited  by  the  5  mm 
and  10  am  E2  implants  compared   to  FSH  levels  seen  following 
5  mm  E2  (1:1)  implantation.   In  placebo-treated  rats  none  of 
the  £2  implants  produced  a  significant  elevation   in 
midafternoon  serum  FSH  concentrations. 

The  feedback  effects  of   E2  on   sernm  LH  and  FSH 
concentrations  in  the  presence  of  chronic  morphine  treatment 
are  also  shown  in  Figure   19.    Treatnent  with  morphine 
further  reduced  LH  levels  at  1000  h    by  65){,  5811  and  505t  in  5 
mm  E2   (1:1),   5   mm  £2   and  10   mm  £2-implanted   rats, 
respectively  (p  <  0,05).   Surprizingly,  concurrent  treatment 
with   morphine   plus   E2   enhanced  the   midafternoon 
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Figure    19:      The  effects   of  continuoas   aorphine   exposure   and 
various   doses  of   E2   en   serua   IH   and   FSH   levels 
in   ovariectofflized   rats. 
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hypersecretion  of  IH  seen  at  16CC  h.    Exposure  to  morphine 
enhanced  LH  levels  3-fold  in  5   no  E2  (1: 1) -treated  tats  and 
2-fold  in  10  ao  E2-treated  rats  (p  <  0,05)   nhen  compared  to 
placebo-treated  rats  at   this  time.   although  the   5  idqi  E2 
implant  caused  a  prcpcrticnately  larger  LH  surge  in  aorphine 
than  in  placebo-treated  rats  (greater  than  12-fold  vs.   itcre 
than  y-f old,   respectively) ,   peak  LH  levels  at  1600  hours 
were  not  significantly  different  froa  one  ancther. 

Chronic  morphine  treatment  also  altered  the  respcnse  of 
FSH  to  E2  exposure  (figure  19,  loner  panel) .   Levels  of  FSH 
were  reduced  relative  to  placebo-iaplanted  controls  at  1000 
h  in  5  am  E2  (1:1)  and  10  no  E2-iaplanted  rats,   tut  net  in 
the  5  mm   E2-treat6d   group  (p   <  0.05).    Additionally, 
midaf ternoon  FSH   levels  in   these  aorphine-treated   rats 
(1600)  were  significantly  increased  by  the  5  la  E2  (1:1)  and 
10  ma  E2  iaplants  relative  tc  morning  values  (1000  h). 

Figure  20  displays  the  time  course  of  the  E2-indaced  LH 
and  FSH  surges  in  placebo  and  aorphine-treated  rats.   Serua 
LH  concentrations  in  placebo-iaplanted  rats  increased 
greater  than  4-fold  over  the  period  froa  1200  h  tc  1800  h  (p 
<  0.05).   Concentrations  of  FSH  in  the  blood  increased  in  a 
similar,  though  aore  gradual  fashion,  ever  this  period  (leX, 
p  <   0.05).   Chronic  morphine  exposure   to  these  5   ei  £2 
( 1 : 1) -implanted  rats   appeared  tc  advance  the   onset  and 
augment  the   magnitude  of   the  midafternoon   gonadctrcpin 
surges.   Compared  to  1200  h,    serua  LH  concentrations  in 
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morpiiine-tceated  aaifflals  were  increased   eaclier  (at  1600  h) 
than  similarly   treated  placeto-iaplanted  rats.    Serum  LE 
levels  seen  in   Borf hine-treated  rats  at  1600  h   and  1800  h 
were  twice  placebo-implanted  LH  levels  (p  <  C.05) .   Chronic 
morphine  treatment  significantly  reduced  FSB  levels  prior  to 
(1200  h)  and  augmented  FSH  levels  during  (1800  h)   the  surge 
induced  by  the  5  so  E2   (1:1)   iaplant  when  compared  to 
ovariectoaized  placebo-implanted  rats. . 

After  U  days  of  5  mm  E2  (1:1)   exposure,   midafternocn 
(1600  h)   hypersecretion  of  IH  tut  not  FSH   was  noted  in 
placebo-treated  rats  relative  to  1000  h  (Figure  21,   p  < 
0.05),   Shile  morphine  treatment  further  reduced  serum  LE 
levels  at  1000  h  (p  <  0.05),   treatment  with  the  opiate  did 
not  alter  LH  values  at  1600  h.  Further,  chronic  morphine  did 
not  effect  FSH  levels  at  these  two  tises. 

Serum  LH  and  FSH  levels   in  ovariectomized  rats  receiving 
4  days   oorpaine  treatment  are   shown  in  Figure   22.    LH 
concentrations  in  ovariectomized  rats  (placebo  treattent)  at 
1000  h  were  902  ±  33  ng/ml.   At  1600  h  these  levels  *ere 
decreased  by  30%  (p  <   0.05) ,   Serum  FSH  concentrations  in 
ovariectomized  rats  at  1000  h  (32, fi   ±    1.2)   were  similar  to 
those  seen  in  the  afternoon.   After   fl  days  cf  exposure  tc 
morphine,   LH   concentrations  at  1000   h  were  similar  to 
placebo-implanted  rats.   Interestingly,   morphine  treatment 
stimulated  LH  levels  at   1600  h  39Jt  compared   to  morphine- 
treated  rats  at  1000  h,   and  76%  compared  tc  placebo-treated 
rats  at  16  <0  h  (p  <  0.05)  . 
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Figure   20: 


The  effects  of  continuous  aiorphine  exposure  on 
oidaiternoon  LH  and  FSH  hypersecretion  induced 
by  E2    implantation  in  ovariectonized   rats. 

Crystalline   E2   was   diluted   en  a    1:1 
(tfeight:weigfat)     ratio    with   cholesterol   and 
packed   into   tubes   5   bb  in   length.    Aniaals    sete 
sacrificed  at   the   tines   indicated   after    4    days 
of    morphine   or   placetc    treatnent   and    2   days 
after   5   mo   E2    (1:1)    inplantation.      LH   levels 
were   determined   using   the    IH-BP-2   reference 
standard   and  are   expressed   relative   to   the    IH- 
RP-1    standard    (LH-BP-1  =    61   X   Le-fiP-2)  .    * 
denotes   p   <    0.05    vs.    placebo    treatment  at    the 
same    time    point;    the    dagger  symbol   denotes   p   < 
0.05   vs.    1200   h. 
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Figure  21: 
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The  effects  of  ccntinuous  nocphine  exposure  cc 
LH  and  FSE   secretion  in  E2  implanted 
ovariectoaized  rats. 

Crystalline  E2  was  diluted  on  a  1:1 
(weight: weight)  ratic  with  chclestercl  and 
packed  into  tubes  5  ■■  in  length.  Animals  were 
sacrificed  at  the  tiaes  indicated  after  6  days 
of  morphine  or  placeto-treatment  and  H    days 
after  5  mm  E2  (1:1)  inplantation.  LH  levels  were 
determined  using  the  lH-BE-2  reference  standard 
and  are  expressed  relative  to  the  lH-EP-1 
standard  (lH-BP-1  =  61  JC  ie-RP-2).  ♦  denotes  p  < 
0.05  vs.  placebo  treatment  at  the  same  time 
point;  the  dagger  symbol  denotes  p  <  0.05  vs. 
1000  h. 
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Figure  22: 


The  effects  of  continuous  morphine  exposure  on 
LH  and  fSH  secretion  in  ovariectciized  rats. 

Animals  were  killed  at  the  times  indicated  after 
4  days  cf  Borfhine  cr  placebo  treatment.  IH 
levels  liere  determined  using  the  LH-HP-2 
reference  standard  and  are  expressed  relative  to 
the  LH-EP-1  standard  (LH-ES-1  =  61  X  LH-PP-2) .  ♦ 
denotes  p  <  0.05  vs.  placebo  treatment  at  the 
same  time  point;  the  dagger  symbol  denotes  p  < 
0.05  vs.  1000  h. 
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The  effects  of  LHRH  (75  ng/100  gm  B.S.,  £,c,)   injecticn 
on  LH  secretion  in  5  ma  E2  ( 1 : 1) -treated  ovariectonized  rats 
given  morphine  or   placebo  implants  are  shown  in  Tatle  5. 
Serum  LH  concentrations  prior  to  LHHH  injection  in  these  5 
am  E2  (1: 1) -treated  rats  were  similar  to  LH  levels  in  EE- 
treated  rats  at   1600  h   (Table  4).   LHBH   injection 
significantly  increased  LH  levels  in  both  treatment  groups 
(p  <  0.01).    In  this   study,   morphine  treatment  did  not 
appear  to  influence  LB  levels  tefore   or  after  LHfiH 
injection. 
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TABIE  5 

The  Effects  of  LHHH  on  LH  flypersecreticn  in  E2-treated 

Ovari€ctoffliz€d  rats. 


Treataent:    Pre-LBBH       Post-LHRH      delta-IHBH 


LH  (og/ol  seraa) 


E2            386  ±  30 

2196  ±  399 

1488  ±    195 

E2  +  a.        383  ±  53 

2574  ±  606 

2191  ±  585 

LH  concentrations  were  determined  using  the  IH-BP-2  reference 
standard  and  are  ex|,ressed  relative  to  the  Lfl-fiP-1  standard 
{LH-EP-2  =  61  X  LH-EP-2). 
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Discussion 

The  present  studj  reveals  an  interaction  between  torphine 
and  E2  on  the  feedback  control  of  gonadotropin  secretion  in 
the  ovariectoaized  rat.  In  the  presence  of  chronic  aorphine 
treataent  both  the  inhibitory  and  stimulatory  effects  of  E2 
implantation  on  LH  and  PSH  secretion  are  potentiated.  Since 
the  effects  of  opiates  on  gonadotropin  secretion  are 
mediated  at  a  site  within  the  central  nervous  systeia  (latle 
5;  Cicerc,  1980b;  S.  Kalra,  1981;  Wiesner  et  al.  ,  1984)  and 
EOP  likely  exert  effects  similar  to  that  cf  ncrphine  (Leadem 
and  Kalra,  1983),  the  present  study  argues  for  an  iaportant 
role  of  EOP-containing  neurons  in  the  regulation  of  the 
cyclic  release  of  LH  and  FSH. 

The  ability  of  E2  to  inhibit   IH  release  was  enhanced  hy 
concurrent  treatment  with  morphine.    Immediately  after  the 
administration  of   estrogens  to   ovariectomized  rats,    a 
decline  in  LHBH  release  combined  with  a  decline  in  pituitary 
responsiveness  to  the  decapeptide  causes  a  rapid  decline  in 
LH  levels  (Vilchez-Martinez  et  al-,   1974;   Fink,   1979). 
During  basal   LH  release  seen  48  hours  after   estrogen 
treatment,   pituitary  responsiveness  tc   LHBH  is  enhanced, 
however  (Vilchez-Bartinez  et  al. ,    1974).    The  negative 
feedback  of  E2  at  this  time   is  likely  due  to  an  inhil:ition 
of  LHBH  release,   and  it  would  appear  that  acrphine  enhances 
this  effect.   This  interaction  between  morphine  and  E2  in 
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suppressing  LH  release  is  not  merely  additive,  since  after  4 
days  of  treatment  with  the  opiate  there  was  no  difference  in 
LH  levels  between  norphine   and  placebo-treated,    sham- 
implanted  (ovariectcmized)   ccnticls  at  ICOC  h  (Figure  22). 
These  findings  are  similar  to  the  observations  of  Chapters 
IV  through  VI  that   while  ineffective  in  inhibiting  ih 
release  on  its  own,   chronic  morphine  treatment  enhances  the 
feedback  sensitivity  of  T  in  Bale  rats. 

The   lack  of  an  effect   of  morphine   in  altering   LB 
secretion  in   gonadectomized  male   or  female  rats  is  of 
interest  since  it  indicates  that  the  gonadal  steroids  are 
required  to   maintain  the   responsiveness  of   the 
neuroandocrine  substrates  mediating  the  LH  response  to 
opiates.   This  castration-induced  loss  in  the  LH  response  to 
opiates  has  been   noted  in  Chapter  4  and  by   other 
investigators,   although  the  mechanism  cf  this  response  has 
not  been  determined   (Cicero  et  al. ,   1982a;    Ehanot  and 
Wilkinson,  1983).    Gonadal  steroids  dc  net  appear  tc  modify 
opiate  receptor  numbers  (Cicero  et  al.,   1983a).   Further, 
cyclic  fluctuations  in  gonadal  steroids  in  intact  female 
rats,   and  physiological  doses  cf  gonadal   steroids  in 
ovariectcfflized  rats  do  not  consistently  modify  ECP  levels  in 
the  hypothalamus  (Kumar  et  al.,  1580;   Mardlaw  et  al. ,  1980; 
Knuth  et  al.,  1984).   In  monkeys  honever,   teta-endorphin 
release  into  hypophyseal  portal  blood  is   clearly  steroid 
dependent  (Ferin  et  al.,  1984).   Finally,   the  interaction 
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between  Borphine  and  T  in  inhibiting  LH  release   is  not 
reflected  by  changes  in  the  oetabclisE  of  DA,  NE,   or  5HT  in 
the  MBH  or  POA-AH  (Chapter  IV). 

Ihe  observation  that  in  the   presence  of  chronic  lorphine 
treatment  the  stinulatory  effects  cf  E2  en  IH  release  are 
enhanced  is  aost   surprising.   It  is  well   known  that  when 
given  acutely,  opiates  block  cvalaticn,  and  preovulatory  and 
gonadal  steroid-induced  IH  hypersecretion  (Earraclough  and 
Sawyer,  1955;   Pang  et  al.,  1977;   S.   Kalra  and  Sinifkins, 
1981),   It  is  possible  that  chronic  aorphine  treatment 
reveals  a  stiaulatory  opiate  coaponent  en  IH   secretion  in 
these  E2-treated  rats.   This  stinulatory  effect  of  acrphine 
on  afternoon  LH  release  was  evident  even  in  the  absence  of 
E2  treataent   to  ovariectoaized  rats  (Figure   21) .   Cther 
neurotransaitters,   such  as   CA  and  NE  have   teen  shewn  tc 
display  both  stiaulatory  and  inhibitcry  effects  on   IH 
release  (Drouva  and  Gallo,  1976a;   Botsztejn  et  al.,   1977; 
Gallo   and  Drouva,   1979),     Additicoally,    several 
investigators  have  observed  stiaulatory  effects  of  opioids 
on  LH  release,   particularly  at  lew  dosages,   but  they  have 
not  attempted  to  explain  these  effects  (Pang  et  al.,   1977; 
Cicero  et  al,,  1980;  Hotta  and  Rartini,  1982;   Sylvester  et 
al.,  1982;  Leadea  and  Kalra,  1983;   Mittler  et  al.,  1983; 
iilkinson  and  Bhanot,   1983)  .    Piva  et  al.   (1984)   have 
suggested  that  the  stiaulatory  effects  of  intraventricularly 
adainistered  aorphine  aay  be  due  to  an  opiate  receptcr 
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different  from  the   site  which   mediates  the   inhibitory 
effects  of  oorphine  on  LH  release. 

The  LH  surge  in  morphine  dependent,  E2-iBplanted  rats  «as 
enhanced  in  magnitude  and  advanced  in  onset  (Figure  20).   It 
is  well  documented  that  E  adninistration  advances  the  time 
of  onset  and  increases  the  magnitude  cf  LH  hypersecretion 
seen  en  proestrus  or  after  E2  treatment  to  ovariectoaized 
rats  (Redmond,  1968;  P.  Kalra  et  al.,  1972).   Thus,  chronic 
morphine  treatment  aay   have  resulted  in  the  same  neuronal 
alteration  as  seen  after  P  exposure.  As  was  shown  in  Chapter 
VIII,  EOP  inhibition  of  IH   secretion,   present  two  hours 
after  P  injection  to  EE-treated  rats,   was  diminished  frcm  4 
to  6  hours  after  P  injection  to  these   animals.   In  this 
sense,   the  morphine  treatment  may  have  stimulated  receptors 
normally  activated  by  EOP  after  E  treatment.    In  morphine- 
treated,   E2-iBplant6d  rats  however,   opiate  receptors  were 
being  continuously  stimulated  during  the  interval  that  IB 
hypersecretion  was   occuring,    Bhether  morphine   acted  to 
stimulate  LH  release   at  this  time,   or   if  its  inhititory 
effects  were  transiently  removed  is  not  known. 

The  interaction  between  E2  and   morphine  in  inhibiting  LH 
persisted  for  at  least  ^   days  cf  E2  exposure  (Figure  22) . 
However,  while  the  stimulatory  effects  cf  E2  alone  persisted 
for  4  days,    at  this  time  morphine  was  no   longer  able  tc 
enhance  this  midaf  ternoon  LH  surge. 
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While  ovarian   steroids  clearly  influence  PSH  release, 
their  effects  on  FSB  are  less  p renounced  than  en  LB  (Mahesh 
et  al.,  1975;  Fink,  1979).   This  supperts  the  role  ef  ether 
ovarian  factors  regulating  this  gonadotropin   (Luapkin  ct 
al.,   1984).    In  this  study  E2  was  also  less  effective  in 
modulating  FSH  levels.    shile   chronic  aorphine  treataent 
produced  snaller  changes  in  FSH  levels  cotpared  tc  LH,   its 
influence  was  apparent.   Korphine  stimulated  both  positive 
and  negative  feedback  responses  at  E2  doses   which  were 
themselves  unable  tc  alter  FSH  release.   like  IH,  the  time- 
course  and  magnitude  of  the  E2-induced  FSH  surge  was  both 
advanced  and  amplified,  suggesting  that  the   effects  of 
morphine  and  E2  on  FSH  release   may  be  mediated  by  the  same 
neural  mechanisms   which  regulate  LH  release.    However, 
neuronal  factors  other  than  LBKH  may  ultimately  mediate  this 
effects  cf  morphine  and  E2  on  FSH  release   (McCann  et  al., 
1983). 

In  conclusion,    these  studies  indicate  that  chronic 
morphine  treatment  enhances   the  negative  and  positive 
feedback  effects  of  £2  on  gonadotropin  release.   This  »culd 
suggest  an  important  role  for  EOF  in  modulating  the  feedback 
actions  of  ovarian  steroids.    Ihe  existence  cf  both 
stimulatory  and  inhibitory  influences  of  morphine  on  E2 
feedback  over  such  a  brief  time  interval  (6  hcurs)  indicates 
that  the  modulation  of  gonadotropin  secretion  by  ECP  is  more 
complex  than  previously  thought. 


CHAPTER  X 
GENEJSAL  CISCOSSION 


The  present  work  evaluated  the  interaction  of  opioids 
witii  gonadal   steroids  in  their   regulation  c£  LH   and  FSH 
secretion  in   the  rat.   The  individual  experiments  were 
organized  into  6   studies  -  three  in  the  aale   and  three  in 
the  feaale.   The  aajor  findings  drawn  frou  these  studies  are 
as  follows. 

1.   Chronic  morphine  treatment,   while  unable  to  inhifcit 
gonadotropin  release  alone,   enhances  the  negative 
feedback  sensitivity  of  T   on  gonadotropin  release  in 
rats  orchidectcffiized  two  weeks  previcusly. 

This  extends  previous  findings  that  castration  results  in 
a  loss  of  the  inhibitory  effects  of  opioids  on  LH  release, 
and  that  ECP   act  to  inhibit  the  release  of   LH  and  aiediate 
the  feedback  effects   of  gonadal  steroids  (Cicero   et  al.  , 
1982a;  Van  Vugt  et  al.,  1982;   Bhanot  and  Wilkinson,  1S83). 
The  present  studies  suggest  that   in  the  presence  of  opioid 
receptor  stimulation  the  central  feedback  inhibition  of  T  on 
LH  secretion  is  enhanced.   In  this  respect,  ECP  may  serve  as 
the  set  point  cr  gonadostat  for  1   feedback. 

It  must  be   noted  that  chronic  treatment   with  morphine 
serves  as  a   pharmacological  probe  to  elucidate   the  ncrmal 


15t 


155 

function   of  EOP-containing   neurons.   Opiate  dependence 
effects   many   neuronal  systeas  in   addition   to  the 
neuroendocrine  substrates  determining  IH  release.   It  cannot 
be  assuaed  that  the  pattern  of  EOP  release  resenbles  that  of 
continuous  opiate  receptor  stimulation  with  morphine.   Yet, 
this  criticism  can  te  argued   for  any  pharmacological  study 
of  EOP-containing   neurons,   including  acute   opioid 
administration.   Since  gonadal  steroids  influence  endocrine 
events  that  are  often  expressed  over  a  period  of  hours  to 
days,   the  subcutaneous  morphine  implants  provide  continuous 
opiate  receptor  stiiBulaticn  over  a  similar  tine  frame. 

2.   At  physiologically  relevant  doses,    the  ability  cf 
morphine  to  enhance   the  LH  inhibitory  effects   of  T 
and  E2  are  more  pronounced   than  those  of  EHT.    Low 
circulating  levels  of   DHT  appear  to  reduce   the  IH 
secretory  response  to  IHBH  in  preference  to  centrally 
inhibiting  the  release  of  LHBH. 
It  would  appear  that  the  feedback  regulation  of   LE 
release  in  the  male  is  orchestrated  ty  several  gonadal 
steroids  acting  at  multiple  loci  within  the  hypothalamic- 
pituitary-LH  axis.  Ihis  supports  past  studies  which  indicate 
that  £2  is  important  in  the   regulation  of  LH  release  in  the 
male  (E'Agata  et  al.,   1981;   P.   Kalra  and  Kalra,   1981; 
Nishihara  and  lakahashi,  1983) .   The  assumption  that  the  E2 
and  DHI  implants  provided   physiologically  relevant  doses  is 
ijased  on  work  done  ty  others   (P.   Kalra  and  Kalra,   1980, 
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1981).    Since  E2  and  DHI  in  the  faypothalaaus  and  DHI  in  the 
pituitary  can  be  metatolized  fton   T,   it  is  not  certain 
whether  the  actions  of  E2  and  DHI  are  ncraally  mediated  via 
circulating  levels  of  these  steroids   <Bassa  et  al,   1972; 
Maftolin  et  al.,  1975). 

3.   The  interaction  between  chronic  aorphine  and   I  in 
inhibiting  LB  release  in  lale  rats  is  net  clearly 
reflected  in  changes  in  the  aetabolisa  of  NE,  Bfl,   or 
5HT  in  the  MBfl  or  fOA-Afl. 
Of  the  three  neurotransaitters  evaluated,   DA  aetabolisa 
in   the  EO i-AH  was  aost  responsive  tc   aorphine  and  T 
administration.   An  interaction  between   the  two  treatments 
was  not  apparent,   however.   Ihese  studies  support  evidence 
that  1     and  the   opiates  are   inhibitory  to   hypothalaaic 
dopaminergic  activity  (Gudelsky  and  Porter,  1979;   Siapkins 
et  al.,   1980),   but  do  not  support  the   notion  that  opiates 
exert  their  effects  en  the  IHHH  neuron   by  icfluencing  EA 
activity  (Rotsztejn  et  al.,  1978). 

Hhile  a  large   body  of   evidence   suggests  that   NI 
stimulates  LHRH  output  froa  the  hypothalaaus,  and  mediates 
opiate  effects  on  Ifl  release,   the  present  data   do  not 
support  this  contention  (S.   Kalra  and  Siapkins,  198  1;   Van 
¥ugt  et  al. ,    1981;   Adler  and  Crowley,    1S84).    ihe 
differences  between  this  and  previous  studies  may  le  related 
to  the  chronic   treatment  paradigs  eaployed  in   this  wcrk. 
While  the  measurement  of  NHE  levels  provides  a  noninvassive 
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measure  ot     noradrenergic  activity,   being  present   in  let* 
concentrations  in  hypcthalafflic   tissue,   NME  may  not   be  a 
sensitive  index   of  noradrenergic  activity.   While   more 
difficult  to  quantify,    the  ME   letatclite,   3-methcxy- 
phenylethylene-glycol,  in  its  free  and  conjugated  forms,  oay 
be  present  in  larger  quantities  and  cculd  serve  as  a  better 
metabolic  indication  of  »E  release  in  the  rat  (Elchisak  and 
Carlson,  1982) . 

4,   The  narcotic  antagonist,    naloxone,   stimulates  LB 
release  at  all  times  during  the  rat  estrcus  cycle, 
including  during  the  prcestrcus  LH  surge. 

The   aechanism  through  which   naloxone  stimulates   LB 
release  is  likely  through  antagooizing  the  ongoing  actions 
of  EOP,   since  the  application  of  appropriate  EGP  antibodies 
also  stimulates  LH  release  (Schulz  et  al. ,  1S81,   Forman  et 
al.,  1983).   These  studies  clarify  earlier  evidence,   using 
naloxone  as  an  indication   of  opioid   inhibition  of   LH 
release,   that  EOP  are  important   in  the  maturation  cf  the 
central  mechaaisms  controlling  IB  release,   but   are  not 
involved  in  regulating  LH  release  in  the  adult  female  rat 
(Blank  et  al. ,   1979).    Bather,   it  appears  that  £0P  are 
important  in  maintaining  basal  LH  release   throughout  the 
estrcus  cycle  and  perhaps  in   limiting  the  magnitude  of  the 
pcoestrous  LH  surge.   A  corollary   to  this  finding  is  that 
when   appropriately  administered,    opioid  agonists   and 
antagonists  could   modify  the   reproductive  status   cf  the 
animal  (see  below)  . 
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5.   The  ability  cf  naloxooe  to  stiaulate  LH   release  is 
reduced  during  the  hypersecretion  of   LH  induced  fcy  P 
administration  to   frcestrous  cr   EB-prioed 
ovariectomized  rats. 
The  ability  of  naloxone  to  stinulate  LH  release  is  very 
sensitive  prior  to  the  EBP-induced   LH  surge  and  during  the 
EB-induced  LH  surge  in   cvariectonized  rats.   Minimal  doses 
required  to  elicit  LH  secretion  are  ccaparafcle   to  doses 
needed  to  stiaulate  LH  release  in   aale  rats  (Cicero  et  al,, 
1881),   It  would  appear  that  a  considerable  aaount  cf  ECE 
inhibition  of  LH  release  exists  at  these  tiaes  in  the  feEale 
rat  and  possibly  during  the  period  of  basal  LH  release  in 
the  estrous  cycle. 

In  contrast,    naloxone  was  relatively  ineffective  in 
stimulating  LH  release  during   the  period  of  hypersecretion 
seen  following  the  sequential  adainistration  cf  EB  plus  I  to 
ovariectoaized  rats.   Since  doses  of  naloxone  which  elicited 
LH  release  at  this  tiae  were   more  than  sufficient  to  block 
any  ongoing  EOP  activity  at  their  receptors,   it  is  safe  to 
assuae  that  opioid  inhibition  of  LH  release  at  this  tiae  was 
diainished 

The  effects   of  naloxone  on  LH  hypersecretion  yields 
information  regarding  the  relation   between  gonadal  steroid- 
induced  LH  hypersecretion  in  ovariectoaized  rats   and  the 
proestrous  LH  surge.    The   sequential  administration  of  IB 
plus  P   to  ovariectomized  rats   is  in  several   respects  an 
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appropriate  experimental  model  for   the  proestrous  Lfi  surge. 
This  includes  the  similarities  in  time  course  and  magnitude 
of   the  two  Lfl  surges,    and  the   temporal  changes   in 
hypothalamic   tissue  levels   of   IHBH  and   catecholamine 
activity  associated  with  this  hormonal  event  (P.   Kalra  and 
Kalra,  197  a;   Lofstrom,  1977;   Simpkins  et  al.  ,  1979;   £. 
Kalra  and  Kalra,  1979),   However,  LH  hypersecretion  can  be 
elicited  by  E2  and  P  administered  to  ovariectomized  rats  at 
doses  much  lower  than  what  are  commonly  used  (McPherson  and 
Mahesh,  1979).    Also,   the  steroid  milieu  during  and  after 
the  proestrous  LH  surge  is   not  accurately  reflected  in  this 
model.   Consequently,  some  investigators  have  proposed  that 
the  LH  surge  induced  by  E2  or  £B  alone  more  precisely  aodels 
the  neuroendocrine   changes  that   cccur   on   prcestrus 
{Barraclcugh  and   Hise,   1982).    This  model   ignores  the 
potential  contribution   of  the  increased  P   secretion  that 
accompanies  the  proestrous  LH  surge   (S.   Kalra  and  Kalra, 
197Ua).    Ihile  endogenous  P  levels  en  proestrus  dc  not 
compare  to   levels  achieved  by  an  exogenous  P  injection, 
circulating  steroid  levels   are  net  the  only  indication  of 
the  effectiveness  of  a  biological  response.  Since  E2  induces 
the  synthesis   of  cytosolic  F   receptors  (Rainbow   et  al. , 
1982) ,   rats  in  their  late  f cllicular  phase  might  be  highly 
sensitive  to  changes  in  E  titers. 

In  the  present  work,   naloxone  stimulated  LF. 
hypersecretion  during  the  proesttcus   and  ovariectcmized  EB- 
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induced  IH  surges,   but  was  ineffective  during   IB 
hypersecretion  in  ovariectoaized  EBP-treated  rats.   In  this 
respect,   the  LH  surge  in   EB-treated  rats  mere  accurately 
reflects  the  inhibition  of  LH  secretion  by  ICP  seen  during 
the  proestrus  LH  surge.    A   decline  in  BCP  inhibition  was 
noted  before  the  proestrous  LH  surge  since  as  pituitary 
responsiveness  to  LFiRH  increases  over  the  follicular  phase, 
naloxone-induced  LH  secretion  reaains  constant   (Cooper  et 
al.,  1973;  Aiyer  et  al.,  1974;  Gabriel  et  al,,  1983;  Chapter 
VII).   It  is  probable  that  a  decline  in  EOP  inhibition  of  LH 
secretion  aay  have   occured  during  the  proestrus  LB  surge 
that  was  not   indicated  through  the  use  of   calcxcne  as  an 
index  of  EOP  neuronal  activity, 

6.   Chronic   morphine   treatment   enhances   both   the 
inhibitory   and  stimulatory  effects   of   E2  oo 
gonadotropin  release  in  ovariectomized  rats. 

This  extends  the  studies  initiated  in  the  male  by  shoving 
that  morphine  acts  to  stimulate  both  the  negative   and 
positive  feedbaclt  actions  of  gonadal  steroids  in  the  female. 
These  findings  suggest  that  EOP   are  important  in  modulating 
the  feedback  actions  of  E2  in  the  female  rat.   It  further 
lends  support  to   the  notion  that  EOP  are  involved  in  the 
advanced  onset  and  increased  magnitude  of  the  LH  surge  seen 
following   P   treatment  to   prcestrcus  and   EB-treated 
ovariectomized  rats,   since  morphine   treatment  acted  in  a 
similar  fashion  in  these   E2-treated  animals.    Because 
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morphine  and  EOP  appear  to  exert  both  inhibitory  and 
stimulatory  effects  on  LH  and  FSH  release,   their  role  in 
regulating  gonadotropin   secretion  is   nore  complex   than 
previously  anticipated  (Piva  et  al. ,  1984). 

The  work   presented  in   this  dissertation   supports  the 
contention  that  alterations  in  the  activity  of  ECE  neurons 
■odify   the  sensitivity   of  the   hypothalamus  to   gonadal 
steroids.    This  implicates   EOP  in   the  naintenance   cf 
reproductive  endocrine  homeostasis  and  in  the  regulation  of 
basal  and  cyclic  gonadotropin   secretion,    ihile   these 
studies  employed  the  pharmacologic   application  of  an  opioid 
agonist  or  antagonist  to  infer   EOP  neuronal  activity,   the 
measurement  of  EOP  as  an  index   of  neuronal  activity  has  net 
been  adequately  studied  in  the  rat.   Quantifying  ECP  levels 
in  the  hypophysial  portal  plasma  or  in  a  push-pull  perfusate 
would  presumably   serve  as  an   index  cf   release.   These 
techniques  though  difficult  to  perform,   have  been  reported 
for  other  neuropeptides  (Sarkar  et  al.,   1976;   Levine  and 
Eaiirez,  1982;   Kasting  et  al.,  1S81) .   A  low  post-surgical 
success  rate  and  an  inevitable   amount  cf  tissue  damage  Bust 
be  anticipated  with  these  methods. 

It  is  difficult  to  infer  neuronal  activity  based  solely 
on  tissue  levels  of  a  neuropeptide.   While  cvariectoffy  dees 
not  appear  to  change  beta-endorphin   levels   in   the 
hypothalamus,   prolonged  E2  treatment  decreases  levels  cf 
this  peptide  in  the  hypothalamus  in   a  manner  reversed  by  P 
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(Hardlaw  et  al.,    1982).   Although  the  dcses   of  steroid 
adninistered  in  this  study  were  in  the  physiological  range, 
inadequate  data  on  hormone  levels,   tiae  of  sacrifice,   and 
size  of  the  tissue  fragments   nakes  this  study  difficult  to 
interfret.   Changes  in  ECP  levels  in  the  hypothalaiaus  during 
the  estrous  cycle  are  also  of  interest.   However,   data  en 
this  topic  are  conflicting  (Kumar  et  al. ,  1980;   Wardlaw  et 
al.,  1982;  Barden  et  al. ,  1981a;  Knuth  et  al. ,  1984). 

In  contrast  to  the  brain,  EOP  levels  in  the  pituitary  are 
■ore  clearly  responsive  to  changes  in  the  steroid  milieu. 
Beta-endorphin  levels  in  the  anterior  pituitary  decline 
after  ovariectomy,  and  increase  in  the  plasma  and  NIL  on  the 
afternoon  of  proestrus  (Lee  et  al.,  1980;   Ishizuka  et  al. , 
1982).    While  this  agrees   with  the  present  pharaacologic 
observations  that  BOP  activity   is  altered  after  gonadectcmy 
and  during  the  pericvulatory  interval,  opiates  do  not  appear 
to  influence   gonadotropin  secretion  at   the  level   of  the 
pituitary  Chapters  IV,   V  and  IX;   Cicero  et  al.,   1980fc; 
Kiesner  et  al.,   1984).     It  is   possible  that   these 
hypophyseal  BOP  could   influence  gonadotropin  secretion 
centrally  through   an  uucharacterized   hypophyseal  pathway 
(Bergland  and   Page,   1979),   or  through  an  action  of 
circulating  EOP  in  the  plasma.    It  has  been  suggested  that 
EOP  exert  their  actions  by  acting  on  circuaventricular 
regions  of  the  brain,  such  as  the  median  eminence.   (Panerai 
et  al.,  1983).  While  methionine-enkephalin  likely  cannot  act 
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thiough  a  plasma  route,   fceta-endorphio  cculd  (Bloom  et  al. , 
1978).    Sather   than  being  the  cause   of  steroid-induced 
changes  in  gonadotropin  secretion,   these   alterations  in 
pituitary  EOP  levels  likely   reflect  siailar  neural  and 
horaonal  influences. 

There  are  similarities  between  the  ncde  cf  EOP  influece 
on  gonadotropin  secretion  in  hunans  and  rodents.    In  adult 
men,  naloxone  stimulates  LH  secretion,   indicating  that  ECP 
exert  a  tonic   inhibition  of  IH  secretion  in  aales  of  both 
species  (Delitalia  et  al. ,  1S83).   Additionally,  the  ability 
of  opiates  to  influence   IH  secretion   is  diminished   in 
castrated  men,    and  is  restored  after  gonadal  steroid 
treatment  (Foresta  et  al. ,  1983a, b) .   The  rat,  therefore  may 
serve  as  an  appropriate  experimental  model  to  study  gonadal 
steroid  interactions  with  opioids  in  the  regulation   of  LH 
secretion  in  males. 

In  humans  and  ncnhuaan   primates,   cyclic   changes  in 
gonadotropin  secretion  may  be   acre  dependent  on  ovarian 
rather  than  neural  signals.    This  is  evidenced   by  the 
Maintenance  of  menstrual  cycles  in   actkeys  in  the  presence 
of  an  LHSH  stimulus  which  does  not  change   in  amplitude  or 
frequency  (Knobil,   1980),   Bore  recent   work  in  huaan  and 
nonhuaan  primates  indicates  that  normal  menstrual  cyclicity 
does  depend  on  an  LfiRH  signal  that  varies  in  frequency  and 
amplitude,   and  that   ECP  are  important  in   modifying  this 
signal  (Ferin  et  al.,  1981)  In  wcaen,  naloxone  stimulates  IH 
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secretion  during  the  luteal  aud  late  follicular  phases  tut 
not  during  the  early  follicular  phase  cf  the  menstrual  cycle 
(Quigley  and  Yen,  1980;  Blankstein  et  al. ,  1981;   Sncwden  et 
al.,  igsi*).    In  primates,  follicular  phase  IH  secretion  is 
characterized  by   high  frequency  low  amplitude   LH  pulses, 
while  luteal   phase  LH  secretion  is  characterized   ty  low 
frequency  high  amplitude  LB  pulses  (Van  fugt  et  al.,   1984). 
Although  naloxone  does  not  alter  the  pattern  of  LB  secretion 
during  the  early  follicular  phase,   the  infusion  cf  naloxone 
during  the  luteal   phase  of  the  menstrual   cycle  causes  an 
increase  in  LH  pulse  frequency   siailat  to  that  seen  during 
the  follicular  phase  of  the  menstrual   cycle.   Evidently, 
luteal  P  secretion  modifies  LH   pulse  amplitude  by  altering 
EOP  activity.    Overriding  this  luteal   phase  pattern  cf  LH 
secretion  with   exogenously  administered  LHfiH   disrupts  the 
menstrual  cycle  (Perin  et  al. ,  1S84).   finally,   naloxone- 
induced  LH  release  returns  in  the  late  follicular  phase  cf 
the  menstrual  cycle  near  the  precvulatcry  LH  surge  (Ferin  et 
al.,  1S84).   In  primates  as  in  rats,   ECP  neuronal  activity 
appears  to   be  influenced  by   P  and  activated   during  the 
periovulatory  period. 

It  appears  that  hypothalamic  beta-endcrphin  may  be 
involved  in  mediating  these  opioid-induced  changes   in  IH 
secretion  during  the  menstrual  cycle.   Beth  P  and  E2  appear 
to  influence  beta-endorphin  release   into  hypophyseal  portal 
vessels  of  monkeys  (Ferin   et  al.,    1984) .    Following 
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nenstruation  or  ovariectomy,   beta-endorphin  concentcaticns 
in  portal  plasma  are  undetectatle  {SeJuenberg  et  al. ,  1982). 
If  beta-endorphin  acts  to  inhibit   IHBH  output,   then  this 
would  explain   the  inability  of   naloxcne  tc   stisulate  LB 
release  after  luteclysis.    Siailarly,  as  E2  titers  increase 
during  late  follicular  developaent  the  reinitiation  of  fceta- 
endorphin  release   would  te  evidenced   ty  a   resuiBption  in 
naloxone-induced  LH  release.   At  this  tioe  ECP  inhibition  of 
LH  release  would  aid  in  timing  preovulatory  IH  release  with 
follicular  maturaticn. 

The  present  work  helps  to  understand   the  deleterious 
effects  of  opiate  abuse  on  reproductive  hornone  secretion, 
Azizi  et  al.  (1973)  were  anong  the  first  to  present  clinical 
evidence  of  depressed  T  levels  in  heroin  addicts.    In  this 
investigation,   depressed  T  levels  were  seen  in  the  presence 
of  normal  LH  secretion.  Because  opiates  enhance  the  feedback 
sensitivity  of  the  hypothalamus  to  gonadal  steroids,   it  is 
reasonable  to  expect  lower  1  levels  tc   laintain  normal  IH 
output  in  these  opiate  dependent  individuals.    Similarly, 
the  present  work   clarifies  reports  in  female   narcotic 
abusers  (Gaulden  et  al. ,    1964),   Since  opiate  receptor 
stimulation  in  females  alters  the   magnitude  and  time  course 
of  the  LH  surge,   an   appropriately  timed  heroin  injection 
could  prevent  preovulatory  LH   release.    Prolonged  opiate 
abuse  could  cause  inappropriate   IH  hypersecretion  prior  to 
or  after  follicular  maturaticn,   leading  to  infertility  and 
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iaproper  luteal  developfflent.  Additionally,  it  is  of  interest 
that  some  of  the  actigonadotropic  actions  cf   ether  CNS 
depressants  may  act  through  an  opioid  Bechanism  (Cicero  et 
al.,  1982J3). 

Both  cliaical  and  experifflectal  work  suggest  that  ECE  may 
be  iaiportant  in  seasonal,  developmental,   and  pathological 
changes  in  reproductive  hcracne  secreticn.   For  example,  in 
hamsters,  exposure  to  short  photoperiods  is  characterized  ty 
testicular  degeneration  or  anestrus  due  tc   increased 
sensitivity  to  gonadal  steroid  feedback  (Sisk  and  Turek, 
1983).    Tha   altered  opioid   receptcr   concentrations 
associated  with  short  days  in  hamsters  might  indicate  opioid 
involvement  in   this  increased   gonadal  stercid  feedback 
(Hilkinson  et  al.  ,  1983). 

In  a  similar  manner,   increased  sensitivity  tc  gonadal 
steroid  feedback  has  teen  noted  in  prepubertal  and  aged  rats 
and  after  experimentally  induced  hyperprolactinemia  (flcCann 
et  al.,  197U;  Gray  et  al.,  1980;  BcNeilly  et  al. ,  1983).   In 
all  cf  these   states,   an  alteration  in  ECP   levels  in  the 
hypothalamus  has  been  noted  (Steger  et  al. ,  1980;   Barden  et 
al. ,  1981b;  Porman  et  al.,  1981;   Facchinetti  et  al. ,  1983; 
Simpkins  et  al.,  1S84).   It  is  of  interest  that  since  this 
project  was  initiated  several  clinical  and  experisiental 
studies  have  suggested  opioid  involvement  in  the 
reproductive  dysfunction  associated  with   these   states 
(Steyer  et  al. ,  1980;   Veldhuis  et  al. ,  1982;   Beid  et  al., 
1983;  Carter  et  al. ,  1984;  Simpkins  et  al.,  1984). 
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If  EOP  participate  in  nornal,  developmental,   and 
pathological  changes  in  in  gonadctropin  secretion,   then 
appropriately  adainistered   opiates  should   modify 
gonadotropin  secretion  in  these  states.  Narcotic  antagonists 
should,  therefore,   be  able  tc  modify  the  effects  of  altered 
EOP   activity   during   reproductive   senescence   and 
hyperprolactineaia  (Reid  et  al.,  1983;  Carter  et  al, ,  1984), 
Since,   tolerance  develops   to  the  ability  of   naloxone  to 
stimilate  LH  secretion  (Owens  and  Cicero,  1981;   Gabriel  and 
Simpkins,  1983)  ,   the  pattern  in  which  an  opiate  antagonist 
is  delivered  is  important.    Similarly,   an  opiate  agonist 
could  stimulate  opiate   receptors  in  a  period   of  depressed 
activity.   In  this  case,  the  unwanted  effects  of  the  opiate 
on  other  systems  not  involved  in  hormone  secretion,   such  as 
analgesia  or  respiration,  must  be  considered. 

In  conclusion,   these  studies   demonstrate  that  opiates 
interact  with  gonadal  steroids  in   their  regulation  of 
gonadotropin  secretion,  by  increasing  the  sensitivity  of  the 
hypothalamus   to  circulating  gonadal  steroids.     This 
indicates  that   EOP  are   important  in  the  modulation  of 
gonadal  steroid  feedback  in  both  males  and  females,   and  in 
the  regulation  of  tasal  and  cyclic  gocadotropin  release. 
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